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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA 

Vot. I. Royal 8vo, pp. 309, i8sg (out 0/ prini), Pt. 1, 1856 (price i Re.): PreHminary 

notice on the Coal and lion of Talchir* — On the geological structure and 
relations of the Talchir Coal*6eld. — Gold-yielding deposits of Upper Assam. — 
On specimens of gold and gold dust from Shu6-gween. Pt. 2, 1858 {price 
2 Rs.) : On the geological structure of a portion of the Khasi Hills. — On the geo* 
logical structure of the Nilghiri HiUs(Madras). Pt. 3, 1859 (price a Rs.) : On 
the geological structure and physical features of the Districts of Bankura, 
Midnapore, and Orissa. — On the laterite of Orissa. On some fossil fish-teeth 
of the genus Ceratodus, from Maledi, south of Nagpur. 

Vol. II. Royal 8vo, pp. 34»f 1859 (out of print), Pt. i, i860 (price aRs.): On the 

Vindhyan flocks, and their associates in Bundelkand. Pt. a, i860 (pricey Rs.) 
On the geological structure of the central portion of the Nerbudda District. — 
On the tertiary and alluvial deposits of the central portion of the Nerbudda 
Valley. — On the geological relations and probable geological age of the several 
systems of rocks in Central India and Bengal. 

Vol. in. Royal 8vo, pp. 438. Pt. i, 1863 (price 3 Rs.) (out of print). On the geological 

structure and relations of the Raniganj Coal-field. — Additional remarks on the 
geological relations and probable geological age of the several systems of rocks 
in Central India and Bengal. — Indian Mineral Statistics, I. Coal. Pt. a, 1864 
{price 2 Rs.) : On the Sub-Himalayan Ranges between the Ganges and Ravi. 

Vol. IV. Royal 8vo, pp. 450. Pt. i, 1863 (price a Rs.): Report on the Cretaceous Rocks 

of Trichinopoly District, Madras. Pt. 2, 1864 (price a Rs.) (out of print) :• On 
the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price 
I Re.) : On the Coal of Assam, &c. 

Vol. V. Royal 8vo, pp. 354. Pt. i, 1865 (pricey Rs.) (out of print): Sections across 

N.-W. Himalaya, from Sutlej to Indus. — On the Gypsum of Spiti. Pt. a, 1866 
(price I Re.) : On the Geology of Bombay. Pt. 3, 1866 (price i Re.) (out of 
print) \ On the Jheria Coal-field.— Geological Observations on Western Tibet. 

Vol. VI. Royal 8vo, pp. 395. Pt i, 1867 (price 8 As.): On the Neighbourhood of Lynyan, 

&c., in Sind.— Geology of a Portion of Cutch. Pt. a, 1867 (price a Rs.) 
(out of print)'. Bokdro Coal-field. — Rimgarh Coal-field.— Traps of Western 
and Central India. Pt. 3, 1869 (price a Rs. 8 As.): Tapti and Nerbudda 
Valleys. — Frog-beds in Bombay — Oxyglossus pusiilus. 

Vol. VII, Royal 8yo, pp. 342. Pt. 1, iS6g (price 3 Rs.): Vindhyan Series.— Mineral Sta- 
tistics.— Coal.— Shillong Plateau. Pt. a, 1S70 (price i Re.): Karharbiri Coal- 
field.— Deoghar Coal-field. Pt. 3, 1871 (price I Re.): Aden water-supply.— 
K&ranpura Coal-fields. • 

Vol, VIII. Royal 8vo, pp. 353. Pt. i, 187a (price 4 Rs.)t On the Kadapah and Karnul 

Formations in the Madras Presidency. Pt. 2, 1872 (price i Re.): Itkhuri Coal- 
field.— Daltonganj Coal-field. — Chope Coal-field. 

Vol. IX. Royal 8vo, pp. iv, 358. Pt. i, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 

(iriee i Re.) : Geology of Nagpur. — Geology of Sirban Hill.— Carboniferous 
Ammonites, pp. 65. 

Vol. X. Royal 8vo, pp. 359. Pt. 1 (pricey Rs.): Geology of Madras.— SAtpura Coal- 
basin. Pt. 2, 1874 (price a Rs.) : Geology of Pegu. 

Vol. XI. Royal 8vo, pp. 338. Pt. i, 1874 (price a Rs.) : Geology of Ddrjiling and Western 

Duars. Pt. a, 1876 (price 3 Rs.) : Salt-region of Kohit, Trans-Indus. 

Vol. XII. Royal 8vo, pp. 363. Pt. i, 1877 (price 3 Rs.) : South Mahritta Country, Pt. 2, 

1876 (price 2 Rs.) : Coal-fields of the Ndga Hills. 
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Vol.. XIII. Roral 8vo, pp. 348. Pt. ij 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. 

Pt. a, 1877 {prict fl Rs. 8 Ad.}: Geology of the Rdjmahdl Hills. 

VoIk XIV, Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab. 

Vol. XV. Royal 8vo, pp, 192. Pt. i, 1878 {price 2 Rs. 8 As.) : Geology of the Aurnnga And 

Hutibr CoaUfields (Palamow). Pt« 2, 1880 (price 2 Rs. 8 As.); Ramkola and 
Tatapani CoaUfields (Sirgaja). 

Vol. XVI. Royal 8vo, pp. 864. Pt. i, 1879 (^'fV# i Re. 8 As.): Geology of Eastern Coast 

from Lat. 15^ to Miisnlipatam. Pt. 2, 1880 (price i Re. 8 As.): The Nellore 
Portion of the Carnatic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of the 
GodAvari District* 

Vol. XVII. Royal 8yo, pp. 305. Pt. 1, iSjg (price 3 Rs.): Geologjr of Western Sind. Pt. s, 

1880 (price 2 Rs.) : Trans-Indas extension of the Punjab Salt*range. 

Vol. Xvni. Royal 8¥o, pp. 300. Pt. I, 1881 (price 2 Rs.) : Southern Afghanistan. Pt.2y 

1881 (price I Re. 8 As.) (011/ 0/ print) i Minbhuio and Singhbhum. Pt. 2$ 
1881 (price 2 Rs.) t Prinhita-Gud^vari Valley. 

Vol. XIX, Royal 8vo, pp. 242. Pt. t , 1882 (price 2 Rs.) : Th« Cachar Earthqutike of 1869, 

Pt. 2, 1882 (price I Re.) : Thermal Springs of India. Pt. 3, 1883 {price i Re.) 1 
A catalogue of lodian Earthquakes. Pt. 4, 1883 (price 1 Re.): Geology of 
pftrts of Manipur and f he Niga HUI8. 

Vol. XX. Royal 8vo, pp. 240. Pt. i» 1883 (price 2 Rs. 8 As.)t Geology of Madura and Tinne- 

veliy. Pt. 2, 1883 (^rsVtf 2 Rs. 8 As.) t Geological notes on the Hills in the 
neighbourhood of the Sind and Punjab Frontier between Quetta and Dera 
Ghaai Khan. 

Vol. XXI. Royal 8vo, pp. 286 (out of print). . Pt. 1, 1884 (price 2 Rs.) : Geolocfy of ih% 

Lower Narbada (Valley. Pt. 2, 1884 (price i Re.) : Geology of Kathiawar. 
Pt. 3, 1885 (price 2 Rs.) : Coal-field of South Rewah. Pt. 4, 1885 (price 
I Re.) : Barren Island. 

Vol. XXII. Royal 8vo, pp. 344* 1883. The Geology of Kashmir, Chamba, and Khagan. 

Vol. XXIII. Royal 8vo, pp. 232, 1891. Geology of the Central Himalayas. 

Vol. XXIV. Royal 8yo, Pt. f, 1887 (price I Re. 8 As.): The Southern Coal-fields of tiie 

S&tpura Gondwdna basin. Pt. 2, 1890 (price 2 Rs. 4 As.) : Physical Geology 
of the Sub-Himdiava of Garhwdl and Kumaun. Pt. 3, 1890 (price i Re. 4 As.) 1 
Geology of South Malabar, between the Beypore and Ponnini Rivers. 

Vol. XXV. Royal 8vo, 1896. Geology of the Bellary Districti Midras Presidency. 

Vol. XXVI. Royal 8vo, 1896. Geology of Hazara. 

V0L.XXVII. Royal 8vo. Pt. 1, tSgs {price i Re.) ; Marine Fossils from the Miocene of Upper 

Burma. Part 2, 1897 (price 4 Rs.) 1 The occurrence of Petroleum in Burma 
and its technical exploitation. 

VoL XXVIII. Royal 8vO| Pt. i, 1898 (price 2 Rs.) ; Notes on the Geological Structure of the 

Chitichun region. A note on the Allah*bund in the north-West of the Rann 
of Kuchh. Geolognr of parts of the Myingyan, Magwe and Pakokku Districts, 
Burma. The Geology of the Mikir Hills in Assam. On the Geology of 
Tirah and the Bazdr valley< 

Vol XXIX. Royal 8vo. 1900 (^riV« 5 Rs.)t Report on the Great Earthquake of 12th June 

1897. 

VoL^ XXX. Royal 8vo. Part i, 1900 (price 2 Rs.) \ Aftershocks of ttie Great Earthquake of 

I2th June 1897. 



The price fixed for these publications is 5 Rs. (lOt.) each volume. 



PALiEONTOLOGIA INDICA. 

(Sbr. I, ni, V, VI, VIID—CRETACEOUS FAUNA OF SOUTHERN INDIA, h 
F. STOLICZKA, etceept Vol. I. Pt. i, 6y H. F. BLANFORD. 

Vol. I. The Cephalopoda (1861-65), pp. 216, pis. 94 (6 double). 

Vol. II. The Gastropoda (1867-68), pp. ziii, 500, pis. 98. 

Vol. III. The Pelecypoda (1870-71), pp. xxii, 537, pis. sa 

Vol. IV. The Brachiopoda, CiHopoda, Echinodermata Corals, etc. (187^73)) PP* ^i 9ofi, pis. 29* 



(Sbr. II. XI. XII.)— THE FOSSIL FLORA OF THE GONDWANA SYSTEM, h 
O. FEISTMANTEL, txeepi Vol. I, Pt. i, by T. OLDBAM and J. MORRIS. 

Vol. I, pp. zviii, 333, pis. 72. 1863-79. Pt. 1 • RijmahAl Gronp, RAjmahdl Hills. Pt. a; Th0 

same (continued), Pt 3 ; Plants from Golapilli. Pt 4 1 Outliers on the Madns 
Coast. 

Vol. II, pp. xli, 115, pis. 26. 1876-78. Pt. t ; JuriiLssic Flora of Kach. Pt 8 ; Flora of the 

Jabalpur Group. 

Vol. Ill, pp. », 64 + I49i pis. 80 fe double) (1— XXXI + 1 A - XLVII A). 1879-81 . Pt. 1 ; The 

Flora of the Talchir-Karharbari beds. Pt. 2 ; The Flora of the Damuda and 
Panchet Divisions. Pt. 3 ; The same {concluded). 

Vol. IV, pp. xxvi, 25 + 66, pis. 35 (2 double) (I-XXV + I A-XIV A). Pt i (1882) ; Fossil 

Flora of the South Rewah Gondwana basin. Pt. 2 (1886} j Fossil Flora of some 
of the coal-fields in Western Bengal. 



(Sttt IX.)— JURASSIC FAUNA OF KACH. 

Vol. 1 11873-76). The Cephalopoda, by W. Waaobn, pp. i, 247 pis. 60 (6 double)* 
Vol. II, pt I (1893). The Echlnoidea of Kach, by J. W. Grboory, pp. 12, pis. 2. 



(Sbr. IV.)-INDIAN PRE-TERTIARY VERTEBRATA. 

Vol. I, pp. vi, 137, pis. 26. 1865-85. Pt i (1865) ; The Vertebrate Fossils from the 

Panchet rocks, by T. H. Huxley. Pt. 2 (1878) ; The Vertebrate Fossils of the 
Kota*Maleri Group, by Sir P. db M..Grby Eobrton and L. C. Mull. Pt 3 
(1879) ; Reptilia and Batrachia, by R. Lydbkrbr. Pt. 4 (1885)^ The Laby* 
rinthodont from the Bijori iroup, by R. Lydbkkbr. Pt 5 (1885); The 
Reptilia and Amphibia of the Maleri and Denwa groups, by R. Lydbkkbr. 



(Sbr. X.)— INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by 
R. LYDEKKER, except Vol..!, Pt. i, by R. B. FOOTE. 

Vol. I, pp.xzz, 300, pis. 50. 1874-80. Pt i; Rhinocei>os deccanensis. Pt 2; Molar teeth 

and other remains of Mammalia. Pt. 3 ; Crania of Ruminants. Pt. 4 ; Supple- 
ment to Pt 3. Pt. 5 ; SiwaUk and Narbada Proboscidia. 

Vol. II, pp. sv, 363, pis. 45- 1881-84. Pt. 1 ; Siwalik Rhinocerotidas. Pt 2 ; Supplement 

to Siwalik and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada Equida. 
Ft 4; Siwalik Camelopardalidae. Pt 5; Siwalik Selenodont Suina, etc. 
Pt 6 ; Siwalik and Narbada Camivora. 

\ou III, pp. xziv, 2641 pis. 38- 1884-86. Pt. 1 ; Additional Siwalik Perissodactyla and Pro* 

boscidia. Pt. 2 ; Siwalik and Narbada Bunodont Suina. Pt. 3 ; Rodents and 
new Ruminants from the Siwaliks. Pt4s Siwalik Birds. Pt 5; Mastodon 
Teeth from Perim Island. Pt. 6; Siwalik and Narbada Chelonia. Pt. 1\ 
Siwalik Crocodilia, Lacertilia and Ophidia* Pt 8 ; Tertiary Fishes. 



Vol* 1V» pt. l, ^886. Siwalik Mammalia (Supplement i), pp. 18, pis. ($• 

„ H It ^ I886, The Fauna of the Karnul caves : (and addendum to Pt* l) ; pp. 40(19-* 

S8), pis. 5(vii-xi). 

m n 9» % S^* BoMne Chelonia from the 3alt«range; pp. 7 (59-65), pia. 2 (zii^slii). 

(Ssa. VII, XlV.y— TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCY SLADEN, except Pr. i, by 
F. STOLICZKA. 

Vot. I, pp. 16 + 110 + 38a + 91 • 599, pis. 5 + a8 + 58 + 13 - I04. 1871-85. Pt. 1 ; 

Tertiary Crabs from Sind and Kach. Pt. i (new 2 ) ; Sind Fossil Corals and 
Alcyonaria. Pt. 3. The Fossil Echinoidea of Sind: Fas. t, The Cardita 
beaumonti beds ; Fas, a, The Ranikot Series in Western Sind ; Fas, 3, The 
Khirthar Series; Fas. 4, The Nari (Oligocene) Series; Fas. 5, The Gaj 
(Miocene) Series; Fas. 6^ The Makr£i (Pliocene) Series. Pt. 4, The 
Fossil Echinoidea of Kach and )Cattywar. 

(Sir. XIII.>-SALT.RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D. 

Productus-Limestone Group : Vol. I, pt. i (1879). Pisces, Cephalopoda, pp. 7a, pis. 6. 

n If II i> a (1880). Gastropoda and supplement to pt. I, pp. Ill 

(73-183), pis. 10 (i double), (vii-xvi). 

•I n }> N 3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (zvii- 

zxiv). 

II n 11 » 4(»882-8s). Brachiopoda, pp. 44a (3a9-77o). ?*»• ^a 

(zxv-lxzzvi). 

II „ w *i 5 (1885). Brvozoa— Annelidse— Echinodermata, pp. 64 

(771*834), pU. 10 (ixxzrii-zcvi). 

•> II „ „ 6 (1886). Coelenterata, pp. 90 (835-924), pis. 20 (xcvit- 

cZvi). 

» „ II M 7 (1887). Coeienterata, Protozoa, pp. 74 (925-98}, pis. 

I a (cxyii*czxviii). 

Fossils from the Ceratite Formation : Vol. 11, pt. i (1895). Pisces^Ammonoideai pp. 324, 
pis. 40. 

Geological Remits: Vol. IV, pt. 1 (1889), pp. 1—88, pis: 4. 

II i> fi >» 3 (1891), pp. 89-a4a, pis. 8. 

(Sbr. XV.)— HIMALAYAN FOSSILS, by CARL DIENER, Ph.D. 

Anihracolithic Fossils of Kashmir and Spiti. Vol. I, part a (1899). pp. 96, pis. 8. 
The Permocarboniferous Fauna of Chitichun No. 1 1 Vol. I, pt. 3 (1897), pp. 105, pis. 13. 
The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), 
pp.54, pis. 5- 

The Cephalopoda of the Lower Trias :• Vol. 11, part t (1897), pp. iSa, pis. 23. 

The Cephalopoda of the Muschelkalk: Vol. II. pt. a (1895), pp. 118, pis. 31. • 

Upper Triassic Cephalopoda Faunx of the Himalayas, Vol. Ill, pt. 1 (1899), pp. 158, pis. 22. 

(Sbr. XVI.)-.BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.S. 

The Fauna of the Keilaways of Masdr Drik : Vol. I, pt. 1 (1895), pp. aa, pis. 13. 
The ^una of the (Neocomian) Bclemnite Beds : Vol. I, pt. a (1897), pp. 6, pis. a. 
The Fauna of the Upper Cretaceous (Mafistrichtien) Beds of the Mari Hills: Vol. I, pt. 3 
(1897)1 pp. 79. pis. 33. 

* (NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt-range. Vol I, (1899), pp. 14, pi. i. 
Wotes on the Morphology of the Pelecypoda, „ II, (1899), pp. 58, pis. 4. 



The price fixed for these publications is 4 annas (6 pence) per single plate. 



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

Vol. I, 1868. 

Pari J.— Annua! report for 1867. The coal-seams of the Tawa valley. On the prospects of 
aseful coal being found in the Garrow Hills. Copper in Bandelkund. Meteorites. 

Part a.— On the coal-seams of the neighbourhood of Chanda. Coal near Na&rpur. Geological 
notes on the Sarat coliectorate. The cephalopodous fauna of the South Indian cretaceous 
deposits. Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites. 

Pari 3. --General results obtained from an examination of the gastropodous fauna of the Soutfi 
Indian cretaceouf deposits. Notes on route from Poona to Nagpur vid Ahmednuggur, 
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr. 
Wynne in the pliocene (P) deposits of the Upper Godavery. The boundary of the Vin- 
dhyan series in Rajputana, Meteorites. 

Vol. Ill 1869. 

Pari /.—The valley of the Poorna river, West Berar. On the Kuddapah and Knmoo! form»» 
tions. Geological sketch of the Shillong plateau. On the occurrence of gold in the 
district of Singbhoom, &c. Memorandum on the wells now being sunk at the European 
Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites. 

Pari a.— Annual report for 1868. Note on Pangshura tecta and the other species of Chelonta 
from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorpbic 
rocks of Bengal. 

Pjti 3.— -Preliminary notes on the geology of Kutch, Western Indift« Contributions to the 
geology and physical geography of the Nicobar Islands. 

Pari 4. — On the beds containing silicified wood in Eastern Prome, British Burma. Mineral* 
ogical statistics of Kumaon division. The coal-field near Chanda. Lead in the^ Raipnr 
district. Meteorites* 

Vol. Ill, 1870. 

pari /. — Annual report for 1869. On the geology of the neighbourhdod of Madras. On the 
alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges 

Pari 2.— Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead 
vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central 
Provinces. Report on the coal at Korba in the Bilaspur district* 

Pari ^.— The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the 
occurrence of coal east of Chhatisgarh in the country between Bilaspuf and Ranchi. On 
petroleum in Burma. On the petroleum locality of Sudkal, near Futtijunff, west of Rawal- 
pindi. On the occurrence of argentiferous galena and copper in the district of Manbhum, 
S. W. Frontier of Bengal. Assays of iron ores. 

Pari 4.— On the geology of Mount Tilla, in the Punjab. The copper deposits of Dalbhum 
andSingbhum: I. — The copper mines of Singbhum: 2.*0n the copper of Dalbhum 
andSingbhum« Meteorites^ 

Vol. IV, 1871. 



.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of 
e indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divt- 



Pari 1.' 
the 
sion. 

Pari 1.— The axial group in Western Prome. Geological structure of the Southern Konkan. 
On the supposed occurrence of native antimony in the Straits Settlements. On the com- 
position of a deposit in the boilers of steam-engines at Raniganj. On the plant-bearing 
sandstones of the Godavari valley, on the southern extension of rocks belonging £0 the 
Kamthi group to the neighbourhood of Ellore and Rajaolfetndri, and on the possible occur* 
rence of coal in the same direction. 

Pari 3, — The progress and results of borings for coal in the Godavari valley neaf Dumagudem 
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central 
Provinces! Additional note on the plant-bearing sandstones of the Godavari valley. 



Pari /.—The ammonite fauna of Kutch. The Raignr and Hengir (Gangpnr) Coal-field. ^ De« 
scription of the sandstones in the neighbourhood of the first barrier on the Godavarij and 
in the country between the Godavari and EUore. 

Vol. V, 1872. 

Pjrdi. — Annua] report for 1 871. Rough section showing the relations of the rocks near 
Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin- 
ing country. Description of the sandstones in the neighbourhood of the first barrier on 
the Godavari, and in the country between the Godavari and Ellore. 

Part 2, — On the geological formations seen along the coasts of Beluchietan and Persia from 
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a traverse 
of parts of the Kummummet and Hanamconda districts in the Nizam's Dominions. The 
geology of Orissa. On a new coal-field in the south-eastern part of the Hyderabad 
(Deccan) territory. 

Part 3, — On Maskat and Massandim on the east coast of Arabia. An example of local joint* 
tng. On the axial group of Western Prome. On the geology of the Bombay Presidency. 

Pari 4, — On exploration for coal in the northern region of the Satpura basin. On the value of 
the evidence afforded by raised ojrster banks on the coasts of India, in estimating the 
amount of elevation indicated thereby. On a possible field of coal-measures in the Goda- 
vari district, Madras Presidency. On the lameta or infra-trappean formation of Central 
India. On some recently discovered petroleum localities in Pegu, Correction regarding 
the supposed eozoonal limestone of Yellam Bile. 

Vol. VI, 1873. 
Pari /••^Annual report for 1872. The geology of the North-West Provinces. 

Pari 3, — The Biorampur coal-field. Mineralogical notes on the gneiss of South Mirxapor and 
adjoining country. 

^ar^ J.— Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley 
(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On the 
Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of 
parts of the Upper Punjab. Coal in India. The salt-springs of Pegu. 

Pari 4. — On some of the iron deposits of Chanda (Central Provinces), Barren Islands and 
Narkondam. Stray notes on the metalliferous resources of British Burma. 

Vol. VII, 1874. 

Part /.—Annual report for 1873. On the geological structure o! the hill ranges between the 
Indus valley in Ladak and Shah-i-DuIa on the frontier of Yarkand territory. On some 
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj 
field. On the habitat in India of the elastic sandstone, or so-palled I^columyte. Geolo- 
gical notes on part of Northern Haxaribagh. 

Pari a, — Geological notes on the route traversed by the Yarkand Embassy from Shah-i-Dula 
to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, ou the 
southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in Assam. 
Coal in the Garo hills. On the discovery of a new locality for copper in the Narbada 
valley. Potash-salt from East India. On the geology of the neighbourhood of Mari hill 
station in the Punjab. 

Pjri 3.— Geological observations made on a visit to the Chaderkul, Thian Shan range, Oa 
the former extension of glaciers within the Kangra district. On the building and orna- 
mental stones of India. Second note on the materials for iron manufacture in the Rani- 
ganj coal-field. Manganese ore in the Wardha coal-field. 

F0ff^*-The auriferous rocks oiL^e Dhambal hills, Dharwar district. Remarks on carta in 
considerations adduced by F^coner in support of the antiquity oithe human race in India. 
Geological notes made on a visit to the coal recently discovered in the country of the 
Luni Pathans, south-east corner of Afghanistan. Note on the progress of geological 
investigation in the Godavari district, Madras Presidency. Notes upon the subsidiary 
materials for artificial fuel. 



Vol. VIII, 1875. 

Par/ /.^Annual report for 1874. The AItiim*Artiish considered from a geoWical point ef 
view. On the evidences of 'ground-ice' in .tropical India, during the Talchir period. 
Trials of Raniganj fire-bricks. 

Part 2 {oui of print),^ — On the gold-fields of south-east Wynaad, Madras Presidency. Geolo* 

flcal notes on the Khareean hills in the Upper Punjab. On water-bearing strata of the 
orat district. Sketch of the geology of Scmdia's territories. 

Part 3, — The Shahpur coal-field, with notice of coal explorations in the Narbada region. 
Note on coal recently found near Moflong, Khasia Hills. 

Pari ^— Note on the geology of Nepal. The Raigarh and Hingir coal-fields. 



Vol. IX, 1876. 

Pari I (put of prin^,* — Annual report for 1875. On the geology of Sind. 

Pari J.«— The retirement of Dr. Oldham. On the age of some fossil floras in India. Descrip- 
tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms. 
Note upon the Sub-Himalayan series in the Jamu (Jununoo) Hills. 

Pari 3.*-On the age of some fossil floras in India. On the geological age of certain groups 
comprised in the Gondwana series of India, and on the evidence they afford of distinct 
xoological and botanical terrestrial regions in ancient epochs. On the relations ol the 
fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian 
faunae of India and Burma. 

Pari 4.— On the age of some fossil floras in India. On the osteology of Merycopotamus dis- 
similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of 
Plesiosaurus in India. On the geology of the Pir Panjal and neighbouring districts. 

Vol. X, 1877, 

Pari /.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind 
and Rajputana. On the occurrence ol the cretaceous genus Omphalia near Nameho lake, 
Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices 
of new and other vertebrata from Indian tertiary and secondary rocks. Description of a 
new Emydine from the upper tertiaries of the Northern Punjab. Observations on undet^ 
ground temperature. 

Tart 2, — On the rocks of the Lower Godavari. On the ' Atgarh Sandstones ' near Cuttack. 
On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the 
Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology of India. 

Pari 3, — On the tertiary sone and underlying rocks in the North-west Punjab. On fossil floras in 
India. On the occurrence of erratics in the Potwar. On recent coal explorations in the 
Darjiling district. Limestones in the neighbourhood of Barakar. On some forms of 
blowing-machine used by the smiths of Upper Ass&m. Analyses of Raniganj coals. 

Pari 4. — On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold, and 
lead ores of the Sambalpur district Note on ' Eryon Comp. Barrovensis,' McCoy, from 
the Sripermatur group near Madras. On fossil floras in India. The Blaini group and the 
'Central Gneiss' in the Simla Himalayas. Remarks on some statements in Mr. Wynne's 
paper on the tertiaries of the North-west Punjab. Note on the genera Chceromeryx and 
Rhagatherium. 

Vol. XI, 1878. 

Pari /.— 'Annual report for 1877. On the geology of the Uppenpodavari basin, between the river 
Wardha and the Godavari, near the civil station of Sironcha. On the geology of Kashmir, 
Kishtwar, and Pangi. Notices of Siwalik mammals. The palaeontological relations of the 
Gondwana system. On * Remarks, &c, by Mr. Theobald upon erratics in the Punjab.' 

Part 2, — On the Geology of Sind (second notice). On the origin of the Kumaun lakes. On a 
trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Chedubat On the 
mineral resources of Ramri, Cheduba, and the adjacent islands. 
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Part I.— HEAD-QUARTER NOTES. 

Dir€ci^9 Tourt. During the twelve months under review, I 

made the following tours :«- 
(i) From the 7th June to the 5th July 1899 to the Madras 

Presidency to arrange for the survey work to be carried on 

during the field season 1899-1900. 
(2) From the 5th February to the 20th March 1900 to the Central 

Provinces, Gujerat, Rajputana, and Siod in connection 

with an inquiry into the possibility of obtaining water by 

Artesian borings. 

r.— Museum and Laboratory. 

Mr. T. H, Holland took charge of the office of Curator on the 

Cwator. '^* ^*y '^99) relieving Mr. C S, Middlemiss. 

Mr. Holland reports on his duties during the 
past year as follows :— 

With the limited amount of space available in the Museum it 

Rearranggmeni 6/ ^^^ ^^^ possible in the classified collection 
9^nuns in tht thaw of minerals to exhibit only representative speci- 
mens of each type, the cases being altogether 

B 
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too crowded to represent the .known localities fof each specie^.. 
But in connection with the cpjteibXion of economic minerals it ha» 
always been the aim of the .department to make it fully representa- 
tive of our knowledge-'. (Sjncermng the occurrences in India of 
valuable minerals. -WiHi the numerous additions which have been 
made di late year^ it was found that the accommodation^ originally 
provided wad Tapidly becoming insufScfenty and accordingly arrange- 
ments^ have how been made for extending the collection afong the 
nqrt&eTn.necess cases previously occupied by a set of foreign rock^ 
flpGOniens. The classiiTcation originally adopted by Mr. Mallet has 
\ \3>een retained, and with the additional accommodation the metallifer- 
:** ' ous oreS| and minerals which are of value because of the base they 
contain, occupy the northern recesses, whilst the non-metallic 
• products and materialsi like mica and corundum, which are of value 
on account of their special physical properties, are exhibited in the 
southern recess cases. The cases containing these minerals have 
been cleaned throughout and the specimens completely labelled. 

The collection of Indian rock-specimens occupying cases Nos^.. 
37 to 80 in the centre of the gallery have now been arranged in the 
stratigraphical order adopted in the new edition of the Manual of 
Indian Geology. On account of petrological studies which have been, 
made since the issue of the Manual,, we are now able to indicate 
amongst the great complex of crystalline rocks certain formations 
which, though foliated in conformity with the gneisses around, are 
regarded as norma^ though very ancient,, intrusive, igneous rocks. 
The removal of these from the ordinary gneiss groups does not 
disturb the classifrcation adopted by the older workers, for the 
residue of the crystalline schists, and, like somewhat similar forma* 
tions found in other countries, they are retained side-by-side with 
the two main groups of schists, as they are also very old, and,, 
in default of evidence to the contrary, may be grouped with the 
Archaean. The following are amongst such groups of igneous rocks- 
which have been identified r— 

(i) The ekeolite-syenites, augite-syenites and associated 
corundiferous felspar rocks of the Coimbatore dbtrict. 

(2) The aegirine-granitesand augite-syenites of Salem district. 

(3) Various gneissoid granites,, like the so-called ^Mome 

gneiss " of Behar,. the central granite of Goorg, etc 

(4) Pyroxene-granulites and granulites distinguished under 

the name '' charnockite sevies»" 
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(5) Anorthosites of Bengal and norites of Coorg. 

(6) Various anoient basic pyroxenic dykes and lenticular 

masses partially or wholly changed to epidiorites. 

fn conformity with the system adopted in the Manual the various 
Peninsular intnisives in the gneisses, which are young enough to^ 
have escaped foliation, are exhibited near the ancient rocks which 
they traverse^ Of these, one case is devoted to the display of the 
mica»bearing pegmatites, aad two others^to the exhibition of various 
types of felsitesy porphyries, basic dykes and peridotites, which are 
found as dykes and other intrusive masses in the gneisses. 

Selections from the collection of foreign-rock-specimens have 
been arranged and labelled in 14 cases in the north-west room as 
illustrations of petrogpaphical geology, the series of illustrations of 
physical geology being reserved to the remaining 10 cases in the 
same room. 

The class, order and generic names have been completely re- 
newed throughout the gallery of tertiary fossil vertebrates, and'> 
eonsiderable progress madetowards renovating the labels throughout 
^e Museum. 

Besides the collections made during the previous field season ^ 
by the officers^of the department, a number of interesting additions 
have been made during the year. Mr. H. H. Hayden obtained a 
series of specimens and photographs illustrating the manufacture of 
borax in LadakH. 

Amongst a series- of river graveFs from the Katba district sent 
by the Burma- Government, several colourless topaz crystals were 
detected^ amongst other gem«stones. The discovery is of interest 
as the first-recorded occurrence of the mineral topaz in India or 
Burma. Amongst the fragments one was found with faces suffici*- 
ently well preserved for determination with the reflecting-goniometer*. 
The followrn]g fbrms, represented in the wood-cut, were found : — 
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From Burma also we have received specimens of antimonial 
tetrahedrite, tin-stone and wolfram obtained in the Shan States, 
and pebbles of pure rutile obtained by Mr. C. M. P. Wright in the 
Katha district. 

Mr. R. D. Oldham has presented the Department with an interest- 
ing collection of crystalline rocks collected in Ceylon whilst on 
furlough. They include, besides pyroxene-granulites, granulites and 
gneisses similar to those known in the southern districts of the 
Madras Presidency, specimens showing veins of graphite in a 
quartz-felspar rock, the moonstone in its matrix of pegmatite, and 
cipolin with a blue apatite (moroxite) similar to that occurring in the 
ruby-bearing limestone of Burma. 

A few additions have been made to the collection of meteorites 

by exchange; but the most interesting is a new 
meteoric iron found near Kodaikanal on the 
Palni Hills, Madura district, and acquired by purchase through the 
help of Mr. C. Michie Smith, Director of the Madras Observatories. 
This meteorite weighed about 35 lbs. when found, and was covered 
with a coat of rust due to its havings in all probability, been 
exposed for some time to the weather. There is no record of its 
fall, but a large meteor was seen eight years before to burst over 
the Pillar Rocks near Kodaikanal, and it is not unlikely that this 
'• iron " fell at the time. 

It is found to be composed almost entirely of nickeliferous iron, 
with included irregular mineral masses, measuring sometimes 10 
mm. across. Crystal structures — imperfect VVidmanstlLtten figures r— 
are developed by etching the polished surface of the iron with 
dilute acid ; but beyond these tests, which satisfactorily establish 
the meteoric origin of this iron, the specimen has not yet been 
examined in detail. The surface shows the " thumb-marks " char- 
acteristic of the siderites, 

A certain amount of interest is attached to this " find '' on 
account of the rarity of Indian meteoric irons. Although stony 
meteorites have been found in great numbers, only one other iron 
has been obtained in India, and that was seen to fall near Nidigullum 
(lat. 18° 41' 30"; long. 83^ 28' 30*" ) in the Vizagapatam district on 
January 23rd, 1870. The Nidigullum meteorite^ weighed 10 lbs. 
only, so the Kodaikanal meteorite, beside being only the second 
Indian *' iron " recorded, is much the larger of the two. 

^ Proc., Asiatic Soc. Beng., 870, p. 64. 
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A considetable amount of time during the year was taken up in 

connection with preparations for the Paris Ex« 
Exmuion, hibition to which a collection of specimens^ 

maps and photographs have been sent by this 
department. On account of the limited space placed at our dis« 
posal, selections' only have been made from the material available for 
the purpose. These have been grouped in the gallery as follows : — 

(1) A collection of rock specimens from the Peninsula with 

photographs and drawings of rock-sectionS| illustrating 
the chief types of Archaean crystalline schists and 
the igneous rocks associated with, or intruded into, 
them, 

(2) A collection of minerals of economic value, illustrating the 

resources in minerals used for ornamental purposes, 
corundum, mica, graphite and the principal natural 
compounds of borax, phosphorus, sulphur, strontium, 
barium, magnesium, aluminium, manganese, iron, tita- 
nium, molybdenum, tin, lead, antimony, arsenic, copper, 
and gold. 

(3) A collection of various minerals, mostly presenting charac* 

ters peculiar to India. 

(4) A collection of Gondwana coals^ 

(5) A collection of striated and facetted boulders. 

(6) A collection of specimens, maps and photographs illustrate 

ing the geology and resources of the Giridih coalfield 
as a type of the Gondwana coalfields of Bengal. 

(7) A case containing specimens of the flexible sandstone 

obtained from the Punjab. 

(8) A collection of iron-ores and native-made iron and steel, 

together with specimens of the products of the Barakar 
Iron Works which are conducted on European lines by 
the Bengal Iron and Steel Company. Photographs of 
the works and of Native iron and steel makers. 

(9) A collection of specimens showing various forms of laterite 

kankar and other concretionary rocks. 

(10) A collection of rock-salt and associated minerals from (he 

Punjab. 

(11) A collection of Burma petroleum and products artificially 

prepared therefrom by the Burma Oil Company. 
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(12) A collection of one-foot cubes of building stones and a 
series of slabs, carved screens and pillars made from 
rocks used for ornamental and building purposes, 
(•13) A collection of maps, diagrams and photographs grouped 
^o illustrate certain points in the Geology of— 
{a^ the Indian Peninsulai 
(3) the Himalayan region, and, 

(c) the areas lying outride ^he Peninsula and the 
.Himalayas, 
^4) A collection of memoirs and manuals published 'by the 
Geological Survey of India and descriptive of the geolo- 
gical results obtained by the Department 
Several valuable specimens were contributed to the collection o( 
exhibits by Mining Companies in India. The following are the prin- 
cipal contributors :— 

Bengal Coal Coy,y Ld, — Cubes of coal and specimens of £oke from 

the Bengal fields. 

Eait Indian Railway Coy.^ iL^/.— Coal, coke rock-specimens and dia- 
grams of the Giridih coalfield. 

Chief Engineer^ Central Provinces.'-^Co^X from different seams in 

the Warora and Umaria collieries. 

Hyderabad {Deccan) Coy.^ Ld. — Coal from the Singareni collieries. 

Bengal Iron and Steel Coy., •Ld.'^Ore, fuel, and limestone used» 

and various pigs and articles of cast-iron manu- 
factured, in the Barakar Iron-works. 

^Burma Oil Coy,, JLrf.— Various petroleums and manufactured by- 
products. 

Messrs. Ambler & C(7.-* Various slates from the Kharakpur hills. 

Mysore Geological Department •^•Gneiss slabs and ornamental stones 

from Mysore State. 
* Commissioner of Coorg.-^uhes of WatekoUi norite. 

Viaianagram Mining Co. — Various manganese ores from the 

Kodur mines. 

Messrs. F. F.Chrestien & Co.-^'' Books** of mica and sickle-dressed 

mica of various colours and grades. 

/Indian Mica Coy.^ Ld. — Various micas from the Bendi mines. 

Messrs, C. A. Macdonald &* Co. — Mica from the Koderma area, 

Hazaribagh district, 

Messrs. Best ^ Co. — Mica from the Nellore district. 
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tkmntisHoner of Northern India Salt Revenue. — Salt and asso- 

<ciated minerals from drfferent areas in the Punjab, 

Madras G^tr^rifiyf^if/.^-^Native-made iron and steel from the Salem, 

Tricbinopoli and Malabar districts. 

The foHowing donations have been made to the Museum during 
the past year's— 



Donation. 



A'urfferoas quarts with altaite and chalcopyrite 



Sheets of moscovite, Tellaboda mica mines, Nellore 
district. 

Sheets of raasooWte, Biradavele mica mines, Nellore 
district. 

^ Potato stone," Bankura district • • • • 



Specimens of serpentine and gabfaro from Aream 
bed entering Lamia Bay, Great Andaman Island. 

Calena from Raksi <33^59' ; 85* t'), Hacaribagh dis- 
trict. 

Slice of the Tonganoxie meteoric iron. Weight 140 
grammes. 

Specimens of mica with inclusions of garnet and 
apatite, Beadi, Hacaribagh district. 



Presented by. 






Specimens of apatite, garnet and " silvery " muscovite 
near Bendi, Hacaribagh district. 

Specimens of corundum in felspar rock, garnets^ 
twinned crystals of muscovite, microcline, chryso- 
beryl, blue apatite and graphic graaite from the 
neighbourhood of Padyur and Karutapalaiyam, 
Coimbatore district. 

Selenite from near Kharagoda, Rann of Catch 

Quarts with epidote and cubes of limonite pseudo- 
morphous after pyrite, from the Murbhanja State. 

Slab of fochsite-quartxite from hills near Nemakallu, 
Bellary district. 

Rolled pebbles of nitile from Mohynui, Katha district, 
Burma. 



The Manager, Choukpasat Gold 
Mining Coy., Ld. 

A. Subha Naida. 

Messrs. Best & Co. 

Raja Sir Sourlndro Mohan 
Tagore, Kt, CLE. 

Captain A. R. S. Anderson, 
I.M.S. 

A. Gow Smith, Esq. 
Professor H. A. Ward. 
A. Mervyn Smith, Esq. 
A« Mervyn Smith, Esq. 
Captain H. M. Campbell, R.A. 



H. G. Bulkley, Esq« 
Babu Tinkari Choudhry. 



Superintendent, Government 
Museum, Madras. 

C. M. P. Wright, Esq. 
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Donation. 



Presented by. 



Mud pellets which fell during a shower of rain in 
Daftonganj district, October 1899. 

Blocks of Magnesite, Chalk Hills, Salem district 

Triplite, Singar, Gaya district ... 1 

ElaeoHte-Syenite from Girnar, Jonagar • • 

Iron-pyrites from the main coal seam, Koldiha col* 
liery, Giridih coalfield. 

Topaz crystal, from tributary of the Ledaw-chaong, 
Katha district, Burma. 

Specimens of moonstone in its pegmatite matrix ; 
veins and disseminated scales of graphite in gran« 
he and quartz ; cipolin with moroxiie'; pyroxene 
granulite; grannlite; biotite gneiss; marble; 
caleiphyre; pyrozenite; bictite rock and biotite 
sheets from various localities in Ceylon. 



Meteorological Reporter to the 
Government of Bengal. 

Messrs. Arbuthnot & Co. 

H. M. Hannay, Esq. 

Colonel J. M. Hunter, C.S.I. 

B. Seymour Wood, Esq., F.G.S. 

R. Clarke, Esq. 

R. D. Oldham, Bsqre., P. G. S., 
Geological Survey of India. 



List of Assays and Examinations made in the Laboratory during 

the past year. 



Substance and locality. 



A specimen from the 
Sirohi State for deter- 
mination. 



Sender. 



I 



Captain F T. C. 
Hughes, I.S.C., Erin* 
pnra. 



Results of examination. 



Carbonaceous tkalo. 
Composition :<— 
Moisture . 
Volatile matter . 
Fixed carbon • 
Ash • 



Three specimens from 
the Mahanadi River, 
Bhatgaon, Bilaspur 
district 



P. H. Smith, Esq., 
Deputy Superinten- 
dent, Geological 
Surrey of India. 



0*56 
a'96 
8*94 

87*54 

lOO'OO 



Does not coke. Ash, light- 
brown. 

Calcareoas shales with the follow* 
iog compositions :« 



Insoluble in 

Hce. 
Fei O, and 

Ala Ob. 
Ca CCi 
Mg COi (by 

difference). 



A. 

St'oi 
711 

36*27 
S*6i 

100*00 



B. 

i9'9i 

271 

7609 
1*99 



100*00 



C. 
ta*si 

a-2i 

8413 
i-iS 

100*00 



General Report for iSgg-igoo. 



List of Assays and Examinations made in the Laboratory during 

the past year — contd. 



Sul>8Unce and locality. 



Specimen found in Cen- 
tral India. 



Mineral occurring in the 
mica 'bearing peg- 
matites, at Tallapad, 
Nellore district 



Sender. 



Results of examination* . 



(No. -13). 



539- 

Spedmtn from the Ko- 
hat district. 



Mineral from the Mica- 
bearing pegmatites, 
Chaganam, Nellore 

districl (No. -15). 
\ 539' 

Four specimens from the 
Uenzada district. 



The Reporter on Bcono- 
mi: Products to the 
Go?ernment of India. 

Dr. T. L. Walker. 
Assistant Superinten- 
dent, Geological 
Surrey of India. 



R. N. Hodgest Esq., 
Kohat, Bannu Railway 
Survey. 

Dr. T.L. Walker, Geolo- 
gical Survey of India. 



Asbestos. 



Automolite (zinc-alumina spinel); 
specific gravity^ 4*586. 



Specimen from Upper 
Burma. 

Specimen from the Gaya 
district 



Two specimens exam- 
ined for gold. 



Specimens of yel low clay 
from Katni, Jabalpur 
district. 



Specimen for determina- 
tion. 



Deputy Commissioner, 
lienzada, through the 
Director, Land Re* 
cords, Burma, and 
Reporter on Econo- 
mic Products. 



Reporter on Economic 
Products. 

Chevalier O. Ghilardi, 
V ice-Consul for Italy, 
Calcutta. 

G. Barton-Groves, Esq., 
Deputy Postmaster- 
General, Rajputana. 

The Under Secretary 
to the Chief Commis- 
sioner, Central Pro- 
vinces. 

R. H. Morton, sq., 
Mai P.O., Jalpaignri. 



Gypsum. 



Columbite ; specific gravity, 5748. 



1. Vrom Skandaung S, W, of £#- 
myethna. Ordinary laterite. 

9. Three miles N. of Petkalei. 
Impure steatite. 

3. Found lying above No, 9. Nodule 

of impure serpentine. 

4. Eight miles IV. of fCyauitaung. 

Decomposed iron-pyrites. 

Graphite schist 



Triplite. 



1. Quartz with specular iron. 

2. Quartz with copper pyrites* Both 

specimens contain traces of gold. 

Fuller's Earth. 



Rock crystal. 
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List of Assays and Examinattons made in the Laboratot^y during 

the past y€/jr— contd. 



\ ' 1. 



Substance and locality. 



T«ro specimens 
determination* 



for 



Specimen from Bankipur 



Specimen from Banno, 
Punjab. 

Thrae specimeos from 
the Duars. 



Sender. 



Reporter on Economic 
Products. 



Four specimens 
determinaiion. 



for 



Do. 
Da 
Do. 



do. 

do. 

do. 



P.B. Manson, Esq., Offi- 
ci>iting Conservator of 
Forests, Tenasserim 
Circle. 



Resaitt of examination. 



Specimen said to be 
from Siiskim. ' 



Two specimens from 
the Maw State of the 
Myelat in the south- 
ern Shan SUtes, for 
gold. 

Specimen of quartz with 
pyrites, for gold. 



Specimens found in the 
hills adjacent to Simla. 



Specimens of " calca- 
reous cement" from 
Tavoy, Burma. 



W. P. Masson, Esq., 
Darjeeling. 



M. Hunter, Esq., M.A., 
F.C.S., Chemical 
Examiner, Burma, 
Rangoon. 



B. Houghton, Esq.,C.S., 
Deputy Commissioner, 
Katha, Upper Burma. 

Sergeant W. Wren, 
His Excellency the 
Viceroy's Bandj Simla, 

Geo. Watt, Esq., 
C.I'E.y Reporter on 
Economic Products 
to the Government of 
India* 



Iron*pyritei. 
Qnartt in clay slate. 
Taicose schist. 

Coal with small quantities ol pyrite. 

1. Dolomitic limestone. 

2. Calcareous tufa« 
5. Air •slaked lime. 

I. Quartc with pyrite in veins. 

a. Quartz with vesicular pyrite and 
ferrous sulphate traces 

3 Iron pyrites. 

4, Sand containing iron-pyrites, 
quartz, galena and schist frag* 
ments. The first two were 
found on assay to contain no 
gold. 

Coal, crashed and showing the usual 
characters of the Darjeeling 
Gondwana coal. 

B. Quatta, Contains visible gold. 

C. Quarts. Quantity receired t lb, 
6 o». Yielded on assay no gold. 



Quantity received f j| o«. Yielded 
on assay no gold. 



Crystals of kyanite in sericite and 
chloritic schist. 



Cement found to contain much car* 
bonate of lime and of very poor 
quality—ptructurally weak through, 
probably, use of imperfectly burnt 
lime. 



General Report for fS^g^rgoo. 
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JList pf Assays and Examinations made in the Laboratory during 

the past year — contd. 



Substance and locaKtj. 



Specimen from Hills 
near Nemakallu, 

Bellary* 



Specimen foond on the 
banks of the Oabuik- 
win stream near 
Oubuikwin village, 
close to the Henci 
basin. 

Specimen picked cot of 
the hill side at Simla. 



Sfecimen from Burma . 



Seven Micro-sections of 
rocks collected during 
the season 1898-99 in 
Raipur, Kanker and 
B4isUr. 



Sender, 



Dr. Bdgar Thurston, 
Superintendent, Gov- 
ernment Museum, 
Madras. 

F. B. .Manson, Esq, 
Officiating Conserva- 
tor of Forests, Tenas- 
serim Circle, Rangoon 



A. Richards, Esq., Alli- 
ance Bank of Simla, 
Ld., Simla. 

Dr. Geo. Watti Report- 
er on Economic Pro- 
ducts to the Govern- 
ment of India. 

P. N. Bose, Esq., B.Sc, 
F G.S., Geological 
Survey of India. 



Results of examination. 



Qnartaite with fuchsitei 



Specimen found in 
Kharagoda. 



Specimens from near 
Kangyam, Coimba- 
tore district. 



H. G. Bulklevy Esq., 
Assistant Collector of 
Salt Revenue, Khara- 
goda, Kathiawar. 

Capt H. Monty Camp- 
bell, R.A. 



Pyritous sand with , pebbles of tin* 
stone (cassiterite). 



Pyrite, 



Arwenolite (AsfOg) with small quan« 
tit'es of Realgar (As S) and Orpi- 
ment (Asa Si). Sp. Gr. 3*69. 



Three slides of altered diabase, com- 
posed of augite partially changed 
to^ hornblende, and secondary 
minerals including quarts, len- 
coxene and epidote. One rock 
from Lakhimpuri, Kanker State, 
contained micro-pegmatite. 

Four slides of granitite-gneiss com- 
posed of quartz, orthoclase (micro- 
cline and micro-perthite), oligo- 
clasa biotite, epidote, sphene, and 
xircon. 

Selenite. 



I. Twinned crystals of museovite, 
blue apatite, albite and micro- 
cline. 

2 and 3« Corundum in felspar rock. 

4« Garnets from old beryl mine. 

5« Muscovite showing lines parallel 
to the pressure figure. 
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List cf Assiys And Examination^: made in the Laboratory during 

the past year — Contd. 



Substance and locality. 



Specimen from Ootaca- 
mand. 

A specimen o( the dost 
which fell during a 
shower of rain at 
Simla on the 14th July 

1899. 



Specimens found near 
Pendi, Hazaribagh 
district. , . 



Specimens found in the 
Mawlu Township of 
the Katha district 



Specimen found in the 
southern Shan States. 



Six specimens from 
Kila Drosh, Chitral 
country. 



Sender. 



Results of Examination^ 



Capt. H. Monty Camp- 
bell. R.A. 

The Meteorological 
Reporter to the Gov- 
ernment of India, 
Simla. 



A. Mervyn-Smith, Esq. 



6. Graphic granite* 

7* Microclioe. 

8..Corundnm. 

9 Felspar with chrysjberyl 

corundum. 
Allophane. 



and 



The Revenue Secretary 
to the Government 
of Bui ma, Rangoon. 



Ditto ditto 



Lieutenant-Colonel R. 
W. MacLeod, Com- 
manding 99th Punjab 
Infantry, Kila Drosh, 
Chitral. 



Contains, besides ordinary ferrugi- 
nous cUy, distinct traces of carbo* 
nate and phosphate of lime in a 
Very Bnely divide! state and agree- 
ing chemically with dust from the 
Punjab plains. 

Garnets, fresh and decomposed. 

Iron ore. 

Schorl. 

Apatite with quartz and felspar. 

Pour packets mainly garnet. 

One packet contained, besides gar« 
net, One small fragment of schorl, 
frajrments of quarts, sapphire and 
4 pieces of colourless topaz. 

Antimonial tetraliedrite, composed of 
sulphide of antimony, and copper 
with smaller quantities of arsenic, 
i/on, zinc, lead and silver, also 
weathered products, carbonates ot 
copper, oxides of antimony and 
ferruginous clay. 

Nos. I, a> 3, and 5. serpentines with 
varying quantities of rhombohedral 
carbonates. 

No. 4 volcanic ash, decomposed* 

No. 6 vein quartz with copper Ore 
(sulphide and carbonates). 



General Report for iSgg-igoo. 
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List of Assays and Examinations made in the Laboratory during 

the past year^-'cont L 



Substance and locality. 



Specimens from the 
MaurbhanJA State, 
Balasore. 

Two specimens for de- 
termination. 



Specimen obtained from 
a bank recently raised 
above sea-level about 
2 mile J from Taga- 
cherry oS the coast 
at Qui Ion. 

Specimens from the 
Bendi area, Harori^ 
bagh district. 



Sender. 



Babu Tinkari Chow- 
dhry, Maurbhanja, 
Balasore. 

W. Pendlebury, Esq., 
Af^ent and Manager, 
H. H. the N!sam's 
Guaranteed State 
Railways Co., Limited, 
Secanderabad, Deccan. 

Dr. Edgar Thurston, 
Superintendent, Gov- 
ernment Museum, 
Madras. 



A. Mervyn 'Smith, Esq, 



Results of Ezamioation 



Limonite and hematite pseudomor- 
phoQS 3fter pyrite. 



I. Granite with pyrite filling cracks. 
Tested for gold without positive 
result, 

a. Btotite-hornblende rock from 
segregation patch in the granite. 

Foraminiferal and shell sand agglu- 
tinated into worm tubes. 



Specimen said to have 
been procured from 
the Chota Nagpur 
Division. 

Eight specimens from 
ChitraU 



Reporter on Econo- 
mic Products to the 
Government of India. 

Lieutenant-Colonel R. 
W. MacLeod, Com- 
manding 2oth Punjab 
Infantry, Kila Drosh. 



1. Melted lumps of metallic tin. 

a. Scoriaceous " bloom " of tin and 
iron. 

3. Hornblendtc gneiss. 

4. Pegmatite with purple garnet, etc. 

5. Tourmaline with core of quartz. 

Hematite sand with small qaaotities 
of magnetite. 

1 Bufl-coloured marl. 

2. Quartz impregnated with carbo- 

nates of copper, lime and 
magnesia. 

3. Dolomitic veins in marl. 

4. Mica-homblende-pyrozene-peri- 

dotite approaching scyelite. 

5. Silky schist with pyrite cubes. 

6. Altered porphyrite. 

7. Impure serpentine 

8. Alteration product of schist. 
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List of Assays and Examinations made in the Laboratory during^ 

the past y^tf r— coBtd. 



Substance and locality. 



Specimen found in the 
Chanda district, 

Central Profinces. 



Specimen found in the 
Maurbhanja State, 
Balasore. 

One specimen for deter- 
mination. 



Three specimeM from 
Nagpor. 

Specimens from 

Mohyniu, Katha dis- 
trict, Upper Barma. 



Specimen quarried near 
Gwaiior for ornament 
al purposes^ and four 
apecrmens from 

Malwa. 



Sender. 



Result J of examinaMon. 



A. E. Lowrie, Esq., 
Deputy Conservator of 
Forests, Chaodai 
Central Provinces. 

Ti«ka>ri Chowdhry, 
Maurbhanja, Balasore. 



The Reporter on 
Economic Prod^icts 
to the Government 
of India,. Calcutta. 

Ditto 



€. M. P. Wright, Esc^.. 
Choakpaaat Gold 
Mining Co., Limited^ 
Upper Burma. 

Colonel D. G. Pitcher, 
I. S« C.| Department 
ol Land Records, 
Gwaliof State, Morar. 



Calcite crystals. 



Slag.- 



Granular epidote. 



Puller's*earth, 3 varieties: 



Rolled pebbles of black rutiie; 



Two packets of gems 
from a tributary of 
the Ledawchanng, 
Katha district, Upper 
Burma. 



The Deputy Commis- 
sioner of Katha, 
through the Secretary 
to the Financial Com- 
missioner of Burma, 
Rangoon. 



Block of sandstone, and 
r. Basalt. 

2. Quartaose fault-rock with: 

limonite. 

3. Garnetiferoua mica-schist 

4. Sericite schist. 

tit Packet contraitud-^ 

Rubies, sapphires, green tour- 
maline, xftcon, to pas, garnet^ 
apiael and qoaitx crystals^ 



2nd Patht — 

Sapphires, green and black 
tourmaline, topaz, quartz, fels- 
par, garnet, spinel and ruby. 



W !■ _ ■ Ml 
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Ltsi of Assays and Ejiamtnations made in the Laboratory during 

the past year^coxsc\A. 



Substsanee and looilityr 



Stones fonnd rn a well 
of the Byturni Bridge, 
Cuttack district. 



Specimene from the 
Chandon Estate, 8 
miles north of Baidya- 
aath I unction, East 
Indian Railway. 



Soadvr. 



E. Beckett, Esq^ District 
Engineer, Bengal- 
Nagpus Railway, 
Jenapur, Cuttack, 

Heory Bateson, Esq;, 
Gillanders, Arbothnot 
& Co., Calcutta. 



Results of Examination. 



Kocfc from the village 
of Hatipota, 4 miles 
east oi Btlasipara, 
Goal para district. 

Specimen from Kora- 
put, Vizagapatam 
district. 

Specimens from the 
Chandon Estate, 8 
miles north of Baidya- 
nath junction, Bast 
Indian Railway. 



Engl neer-i n - Chief, 
Eastern Bengal State 
Railway, Calcutta. 



Dr. T. L. Walkfr, M.A., 
Geoloiffical Survey 
of India. 

Henry Bateson, Esq-, 
Gillanders, Arbuthnot 
& Co., CalctttU. 



Specimen from the 
Darjeeliivg district. 



Pell &Co.. CalcutU. 



Six pieces* of gfaiss and two of 
quart*. 



r. Muwovite weathered and broke i» 
in books of a^ to ;^. 

2. Cernssite and minium. 

3. and 4. Quartz crystala^ 

5. SmaTl pieee of pegmatite. 

6. Tonrmalme (schorl)^ 

7. Garnets. 

8. Coal. 

'Granitoid gneiss (binary granite) 
suitable for Ordinary stractural^ 
purposes. 

Limonite* 

I. Black tourmaTine (schorl). 

9. Coal (not obtained in situ), 

3« Umenite. 

4« Oxide and carbonate of lead. 

5* Garnets. 

YeHow ochre. 



Mr» F. R. Mallet has continued to show his interest \n the work 

i4R. F. R. MalUt. ^ tl>® department by the poblication, since 

Langbeinite. jjjg retirement from the service, of researches 

bearing on the mineralogy of India. His latest work consists of an 

investigation of the mineral langbeinite^ a double sulphate of potash 
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and magnesia, which occurs as a constituent of the deposit of potash 
salts discovered by Dr. H. Warth in the Mayo Salt Mines in 1873. 
The existence of the compound K, SO4, 2 Mg SO4 as a definite 
mineral constituent of this deposit has now been estabh'shed by 
Mr. Mallet, who has also prepared the mineral artificially by fusing 
together the two sulphates in proper proportions (Min, Ma^.^ Vol. 
XII, 18991 p. 159)1 ^"^ ^^^ extended his researches by artificially 
preparing a number of allied double sulphates cf the general form 
2 M'' SO4, K\ SO4 {Trans. Chem* Soc.^ Vol. 77, 1900, p. 216). 



2.— PALiBONTOLOGICAL WORK. 

A record of good work and actual progress has been established 
ColUciioHs. during the past year in this most important 

branch of the Survey, both in India and through 
our scientific helpers in Europe. 

a. In India :— 

The Paleontologist of the Department, Dr. Fritz Noetling, con- 

Dr Koktliiio on ^'""^^ ^^^ description of the large collections 
Mioc€n€ fossils of from the miocene beds of Burma. This work 

*"^***' has been already mentioned in the General 

Reports of 1898 and 1899 ; it is now finished and will be published 

in THE PAL/EONTOLOGIA INDICA, 

Dr Noetling has taken much trouble in dealing with this sub- 
ject whicbi owing to the almost total absence of any literature of 
reference, was particularly intricate, and in order to arrive at a 
correct idea as to the true relationship of this fauna, he was obliged 
to compare the fossil specimens with their living relatives inhabiting 
the Indian Ocean. This necessitated of course a good deal of extra 
work, not generally connected with the study of fossils, but the 
results are very satisfactory, and Dr. Noetling's memoir will remain 
a standard work for the study of the tertiary fauna of India, parti- 
cularly as he has indicated a nev/ direction which researches of this 
kind should take in future. The main results are the following : 

The living fauna of the Indian Ocean has partly descended from the 
fauna of the miocene period inasmuch as 30 per cent, of that fauna 
still exist in a living state. On the other hand, it seems certain that 
the fauna of the Indian Ocean contains a foreign element, the 
ancestors of which have not yet been found. in a fossil state in India. 
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Dr. Noetling has carefally studied the relationship of the remain- 
ing 70 percent, of the miocene fauna, which represents the '' extinct ' ' 
element of the fauna of the Indian Ocean. 

He was able to distinguish four classesi vtM, .*— 

(1) Species of which no relativci either living or fossil, could be 

traced. 
{2) Species which show the closest relationship to species occur* 

ring in the eocene of France. 

(3) Species which show the closest relationship to species living 

at present in the western province of the Pacific Ocean, 
but which do not occur in the Indian Ocean. 

(4) Species which show a close relationship to species living at 

present In the Mediterranean. 

Dr. Noetling thinks that the first group represents the ''in« 
digenous " element, that is to say, species which are closely related 
to such which occur in the older tertiaries. He states that this 
view has been fully confirmed by the study of the fossils collected 
by him in the eocene oT Sind where he discovered numerous species 
identical with such included in the above group. 

The second group which he calls '' Gallic types " proves that an 
intimate connection must have existed between the eocene fauna of 
Europe and the miocene fauna of Burma. This connection can 
only be explained by the theory of a migration of species from 
west towards east which commenced with the eocene period, and 
lasted probably up to quite recent times. This theory is greatly sup* 
ported by the occurrence of the third group, which he calls '' Pacific 
types," the existence of which can only be explained under the 
supposition that towards the end of the miocene period the re- 
presentatives of this group migrated further eastwards, while they 
died out in the region of the Indian Ocean. The above four groups 
are called " palaeogene species '' in opposition to the ** neogene " 
species which are again subdivided into three groups. According to 
Dr. Noetling the fauna of the miocene of Burma would therefore 
be composed as follows :-— 

(Indigenous typss .••.•• 36*2 % 

Gallic types I3*8 % 

Pacific types i8-6 Jt 

Mediterranean t>rpes . . • . » 1*2 ^ 

Species not classified . • • • • 0*6 ^ 
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! Identical species . • , « . • > i'4 % 

Sub«ideiitical species . » • . •.ii'4% 

Evolutionary species • • • • • 4'^/^ 

Species not classified • • • • • 2*4 % 

This fauna lived in a very shallow sea not exceeding 25 metre 
in depth, and as there are several fossilifefous horizons succeeding 
each other in vertical direction in a series measuring not less than 
2|45o feet in thickness, the deposit of the miocene beds must have 
accumulated during a time of rapid subsidence* 

A further and most interesting fact is the proof that the miocene 
of Burma does not share a single species in common with the 
miocene fauna of Europe, but exhibits a great similarity with the 
miocene of Java and Sumatra on one side and the fauna of the Gaj 
beds of western India on the other side. 

The stratigraphical part of the memoir deals with the subdivision 
of the tertiaries in Burma in general^ and the miocene of Burma in 
special, which is illustrated by a number of characteristic sections, 

Dn Noetling's memoir is not only very important from a purely 
scientific point of view, but it permits definite conclusions to be 
drawn with regard to the occurrence of petroleum and coal in 
Burma, which we now know to occur in the lower miocene only. 

During the last field season Dr. Noetling was on tour in the 

Salt Range and later in Sind, from which 

P^w»a« fl«3^WamV localities he has brought away a magnificent 

jUsils 0/ t/u Salt collection of fossils which will require much 

Tertiaryy^naofSind, time to determine and describe. New light 

has been shed through these fossils on the rela- 
tions of the permo-trias sections of the Salt Range, whilst the lower 
tertiary fossils of Sind will form one of the most important addi- 
tions to our collections. This work, which was done during the last 
month or two with Mr. Vredenburg as assistant, is noticed in Part II 
of this Report. 

The palaeontological work accomplished by Dr. von KraflFt during 

DR. A. VON KRAFFT. ^^^, ''^'^ ^^^'^" ?^ i^QQ-tgoo, was of a two^fold 

Triassic Fossils of nature. It cotisisted, first, of an examination 

ima ayas. ^j ^j^^ ^^^^ large collections obtained in Spiti 

by Mr. Hayden and himself during the summer of 1899, the results of 
which are embodiisd in Part III of this Report. 
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Secondly, a beginning was made with a systematic ^escriptioiv 
of the recently made collections from the trias of the Himalayas. 

These fossils were brought together in 1898 and 1899 by 
Messrs. Hayden and Dr. von Krafft from Spiti, add by Messrs. 
LaTouchCj Smith and Walker from the Central Himalayas. They 
consist for the greater part of Cephalopoda and include representa- 
tives of the whole series of trias beds. 

Of these collections the lower triassic ammonites have been 
almost completely determined. The following ammonites have been 
described : — 

(i) Twenty- two new species, belonging to the genera Meeioceras 
(12 sp«), Hedenstrmmia (4 sp. ), Flemingites (i sp. ), 
Clypiies (i sp. ), Pseudosageceras (i sp. ), Danubites 
(i sp. )| Ceratites (i sp. )^ Lecanttes (i sp; )• 

(2) Five previously described, but of which a revised description 

seemed desirable, via, .*— 

Meekoceras hodgsoni, Dien. 

,^ varakUf Dien, 

Hedenstfoemia mojstssovicsif Dien. 
Danubites iapila, Dien, 

I, ntvaiis, Dien. 

(3) Seven species, which previously had not been known to occur 
in the Himalayas, and had so far only been koown either from the 
Salt Range or the lower triassic deposits of northern Siberia (mouth 
of the Olenek River), namely :-^ 

Meekoceras cf. pulchrumy Waag. (Salt Range). 
„ af radiosutn, Waag, ( „ „ ). 
Danubites radians^ Waag. (Salt Range). 

„ rotula, Waag. ( „ „ ). 

Proptychites ammonoideSy Waag. 

„ sp, afl, lati fimbriate^ Waag« 

The chief stratigraphical result to which these palaeontological 
researches have led, is, that the Otoceras beds of the Himalayas do 
not, as was hitherto believed, correspond to the beds at the base 
of the lower ceratite limestone of the Salt Range, but are equivalent 
to the ceratite marls and the lower ceratite sandstones, and very 
probably include also the lower ceratite limestone, while, on the 

C 2 
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other hand the upper division of the lower trias of the Himalayaf 

("Subrobostus beds," Diener ) does not correspond to the whole of 

the ceratite sandstones, but merely to the two upper divisious of the 

same, vh.^ the Stachella beds and the Flemingites ilemingiarus 

beds. 

During the rains of 1899 it was possible to depute three officers 

m« n« r> t T- to the higher ranges of the Kumaon Hima- 

Mr. T. D. LaTouchb. ... , , 

Mr. f. h. Smith. layas to revise certam sections surveyed by me 
^' ' ' 'in former years, and also to collect more fossils 

in certain localities. A very large collection of fossils was made 
during these tours and is now awaiting description. The triassic 
collection made by Mr. Smith is particularly interesting and has 
been partly worked out by Dr. von KraRt ; the older palaeozoic 
fossils, chiefly found by Mr. LaTouche, will be sent to the British 
Museum, where older collections belonging to the Department are 
already awaiting description. Dr. Walker fell ill during his deputa- 
tion, but not before a small, but interesting suite of fossils was 
obtained from the classic locality of Chitichun, north-east of the Milam 
passes. 

During the progress of surveys carried on in the Shan hills 

MBssRi. LaTouchb. ^""°S ^^« '^^^ ^^^^ ^^^^^J Messrs. LaTouche, 
MiDULBMiss AND Middlcmlss and Dutta acquired a most interest- 

DUTTA 

PalaoBoic/ossUspf ing series of palaeozoic fossils. Most of them 
Burma, ^^^ either of Silurian or devonian age. 

Mr. Middlemiss discovered permian fossils in the southern Shan 
States, but his efforts to trace the locality into the Karenni country, 
where triassic fossils were supposed to have been found, failed 
entirely. 

#. In Europe:— 

The description of our fossil collections which have been en« 
trusted to scientists in Europe, is progressing apace. The following 
gentlemen are at present at work on them :-- • 

In England, 

Dr. F. L. KiTCHiN, ^ 

Geological Survey of > Jurassic lamaliibranchiata of Cutch. 
England and Wales. ) 



. Zeillsr, •J 

: Nationale Su* f 
rieure des MineS| t 
ris. J 
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Dr, Kitchin will probably also undertake to describe the liluriau 
fossils of the Himalayas. 

fn Austria* 

Prof. Dr. W. Waagen, ") ^.^ • /^ 1 r ^u c u © 

University of Vienna, jTriassic fossils of the Salt Range, 
Prof. Dr. Uhlig, ") , • r 1 r u- 1 

University of Prague. ) J^'^assic fossils of Himalayas. 

Dr. F. Kossmat, ^ 

K, K. Geologische > Cretaceous fossils of Assam. 

Reichsaustalt. j 

In France. 

Prof. R. Zeillsr, 

Ecole Nationalc ou« i g^ j en 

p^rieure des Mines. f^^°^^"^ f^''*- 
Paris, 

It is with the utmost regret that I have to record the death on 

the 24th March last in the 59th year of his age 
of Dr. Wilhelm Waagen, Professor of Palaeon- 
tology at the University of Vienna, which took place after a lingering 
illness of several years' duration. Dr. Waagen was appointed to 
the Department in December 1870 and he had to retire on the 
asth August iSjS >^ consequence of illness contracted during 
the progress of his researches in India. He was one of our oldest 
friends and fellow-workers and was almost up to the very last 
employed in describing the fossils of the Salt Range, which work has 
been left unfinished. Although later research has added much to our 
knowledge of the distribution and character of the permian and 
triassic faunae of India and has in a measure contradicted some of 
the results arrived at by Dr. Waagen, it may still be said that this 
great palaeontologist's work has laid the foundation to our more 
advanced knowledgCj and that the enthusiasm and industry which 
Waagen brought to bear upon Indian palaeontology will be greatly 
missed by us all. 

The most responsible duties in connection with the direction of 

- « the palaeontological work carried on in Austria 

for the Department| and the auditing of the 
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disbursements on behalf of the samei has been ably and generously 
conducted by Professor E. Suess during the year under report^ as it 
has been done by him for many years past. 

3. — Publications. 

The following publications were issued during the past twelve 
months :— 

General Report on the work carried on by the 
Geological Survey of India from the ist April 
1898 to the 31st March 1899. 

Memoirs, Volume XXIX, Report on the 
great Earthquake of the 12th June 1897 by 
R. D. Oldham. 

Palaeontologia Indies.— 

Series XV, Himalayan fossils. Vol. I, Part 2. — 
ogta . Anthracolithic fossils of Kashmir and Spiti by 

Dr. Carl Diener. 

Series XV, Himalayan fossils. Vol. Ill, Part i. — Upper Triassic 
Cephalopoda Fauns of the Himalayas by Dr. Edmund Mojissovics. 

New Series, Vol. I. No. i. — The Cambrian fauna of the Eastern 
Salt Range by Dr. K. Redlich. 

New Series, Vol. I. No. 2. — Notes on the Morphology of the 
Pelecypoda by Dr. F. Noetling. 

Mr. Grundy, the Inspector of Mines in India, 
R'P^^^^f^^fJ^^*'^'^ sent in the following reports which were pub- 
lished during 1899-1900 :— - 

1. Report on the Inspection of Mines in India, for the year 
ending 31st December 1898. 

2. Report on the Inspection of the Coal-mines belonging to the 
Assam Railways and Trading Company, Limited. 

3. Report on the Inspection of the CoaNmines in the Sor range 
of Hills near Quetta and at Mach. 

Library. '^Tht additions to the library during the year 1899*1900 
amount to 1,890 Volumes, of which 1,185 were acquired by presenta- 
tion and 705 by purchase. A detailed list of acquisitions is given in 
Appendix I. 
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Personnel, 

Notification by the Government of India published in the ** Gazette of Indiai^ 
dated 6/h May iSgp, Part /. — Leave. 



Department. 



ReTCDue and 
Agricultural 
Department. 



Number of order 
and date. 



Notification No. 
i404-5po, dated 
5th May 1899. 



Name of Officer. 



R. D Oldham. 
SuperidteDdent, 
Geoiogtca) Sur- 
vey. 



Nature of iea?«. 



FurlouKh for 
one year an d 
6 monthf . 



With eflf^ect 
from 



ixth Jaly 1899 



Date 

of 

return. 



Rkuarks. 



Availed of sub- 
sidiary leave 
from 6th to 
lotb^uly 1899. 



Notifications by the Geological Survey of India published in the ^* Gazette 

of India^** Part //. — Leave, 



Department. 



Geological Sorvey 
oi India, 



Ditto 



Ditto 



Number of order 
and date. 



Notification No. 4i4fl 
dated aSth Aprtl 
1899. 



Notification No. 349, 
dated 13th March 
1900. 



Noltficatlon No. 253, 
dated i3tb March 
1900. 



JL 



Name of Officer. 



P. N. BMe. 
Deputy Super' 
iotendent. Geo- 
logical Survey. 

T. L. Walker, 
^••iBtant Snper- 
intendent. Geolo- 
gical Survey. 

D. La Tonche, 

Sopertntendent, 
Geological Sur- 
vey. 



N atort of leave. 



Privilege leave 
for I month 
and 15 daya. 



Privilege leave 
for 38 daya. 



E*rtvtlege leave 
for 3 montha. 



With eflPect 
from 



iSth May 1899. 



17th April 1900 
or subaequent 
date. 



15th April 1900 
or suDaequeot 
date. 



Date 

of 
return. 



30th June 
1899. 



RKMARKa, 



dated 6th May 
1899. 



Availed on 
19th April 
1900. 

Gozetu •/ 
tndiik, dated 
a4th March 
1900. 



Notifications by the Government of India published 
Part /. — Appointments i Confirmation^ Promotion , 



in the '' Gazette of India,'^ 
Reversion and Retirement. 



Dctartment. 



Revenue and 
Agricultural 
Department. 



Ditto 



Ditto 



Ditto 



Ditto 



Ditto 



Ditto 



No. of order 
and date. 

Notification No. 
1533-56- 'f dated 
xath May 1899. 



Notification No. 
368I-SO-8. dated 
1 3th Auguttt 
1899. 

Ditto 



Letter No. 1675- 
61-3, dated aand 
May 1899. 



Notification No. 
3640-8I-4, dated 
13th Oct. 1899. 



Notification No. 
3873*81-10, dated 
loth Nov, 1899. 



Notification No. 
1300 dated izth 
Apru 1900. 



Name of Officer. 



T. H. Holland 



Ditto 



H. H. Haydco 



T. L. Walker . 



G. A. Stonier . 



G. P. Reader 



P. H. Hatch . 



=zr: 



From 



Deputy Super 
Intendent, Geo- 
logical Survey. 



Ditto 



Aaaiatant Sup- 
erintendent, 
Geological 
Survey. 

Ditto 



Mining Special 
ist. Geological 
Survey, 



Coal Specialist, 
Geological 
Survey. 



Gold Mining 
Expert, Geo- 
logical Survey. 



To 



Curator. 
Geological 

Mofteum 
and Labo- 
ratory. 

Saperinteu' 
dent, Geo- 
logical 
Survey. 

Deputy 
Superin- 
tendent, 
Geological 
Sorvey. 



Nature of 
appointment.etc. 



>•.••• 



Substantive, 
permanent. 



Snlatantive, 
temporary. 



Ditto 



Subatantive, 
permanent. 



Substantive, 
temporary for 
S years. 



Ditto 



Substantive, 
temporary for 
one year. 



With effect 
from 



ist May 
1899. 



6th July 
1899. 



Remarks* 



Ditto 



8th May 

1899* 



4th October 
1899. 



ist Novem- 
ber 1899. 



31st March 
1900. 



Qagetu •/ 

India, 

dated 13th 
May 1899* 



^GjBttt* 

,V InAim, 
1 3th Aug. 
1899. 



Confirm^4» 



Gatttti •/ 
/fiilt«. 
dated 4th 
Oct, 1899. 

Cagttte 
of htdit, 
dated i ith 
Nov. 1899. 

GaBeitg •/ 
India, 
dated 14th 
Apl. 1900. 
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Part IL— Field Parties. 

During the year ending 31st March 1900 
DUtribuHon of Oficifi, the officers of the Department were distributed 

as follows :— 



Ui. R. D. Oldham . 

Superintendents. 
Mr. T. H. D. LaTouche 



Head-quarters till 5th July 1899; then fur 
lough for 18 months. 



If 



C. S. Middlemiss 



• Head-quarters till 29th June 1899; 
Kumaon Himalayas till ist October ; 
at Delhi with Austrian Leonid Expedi- 
tion during October; left head-quarters 
on the 26th November 1899 for the 
northern Shan States^ Burma. 

• Head-quarters till 26th November 1899; 

then southern Shan States and Karenni 
country, Burma. 

Deputy Superintendents. 

• Head-quarters till 14th October 1899; 
then Central Provinces. 

• Head-quarters ; in charge of Museum and 
Laboratory. 

• Head-quarters till 3rd November 1899 ; 
then northern Shan States, Burma. 

• Head-quarters till 24th June 1899; 
Kumaon Himalayas till 14th October; 
then Ganjami Madras Presidency. 



Mr. P. N. Bose 
„ T.H.Holland 



ff> 



n 



P. N. Dutta 



F. H. Smith 



Assistant Supbrinten 
dents. 

Mr. H. H. Hayden • 



If 



i» 



E. Vredenburg 



Th. L. Walker 



Dr. A. V. Krafft 



. Spiti Himalayas till 4th November 1899; 
then Wynaad, Madras Presidency. 

• Baluchistan till 7th July 1899; head- 

quarters till January 1900, and then 
Punjab and Sind. 

• Head-quarters till 24tK June 1899; 

Kumaon Himalayas till 24th Septem- 
ber, and then Vizagapatam, Madras 
Presidency, 

• Spiti Himalayas till 4th November 1899; 

then head-quarters. 
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PALiCONTOLOGIST. 

Dr. F. Noetlhig 

Mining Specialists. 

Mr. G. A, Stonier , 



i> 



G. F. Reader 



Sub- Assistants. 
Lala Hira Lai 

9, Kishen Singh • 

Museum Assistant. 
Mr. T. R. BIyth 



. Head-quarters till I ith September 1899; 
then Punjab and Sind. 

. Left head-quarters 17th November 1899 
for the Wuntho district, Burma. 

• Left head-quarters on the loth November 

1899 for the coal-fields of Rampur and 
Baghelkand. 

• Head-quarters till loth November 1899; 

with Mr. Reader in Baghelkand. 

• Head-quarters till t7th November 1899; 

then with Mn Stonier in Burma. 



• • At head-quarters till i9th January 1900 ; 
then proceeded on deputation to Paris 
in charge of exhibits. 

DivisioM 0/ wori.^^The surveys were again divided as far as 
practicable into purely economic and scientific inquiries. 



A.— Economic Inquiries. 
I. Gold. 

Since the publication of Vol. Ill of the Manual of the Geology 
of India in i88i| gold mining in India has become an important 
industry, and the most sceptic persons must have become convinced 
ihat with proper management and economy many of our gold ores 
might be exploited to great advantage. At the present time, when 
owing to the introduction of metallurgical processes, quite unknown 
not long ago, it has become possible to work exceedingly low grade 
ores profitably, it is of great importance to study the question in all 
its bearings, and it has therefore been decided that full reports be 
drawn up on the mode of occurrence and nature of the auriferous 
rocks of the most important localities in India. 
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The most important areas in this respect are Burma and 90uthern 
India \ the work in Burma has been put in charge of Mr. G. A. Stonier, 
whilst Mr. H. H. Hayden has begun the inquiry in the JiVynaad. 
Both have given (see Part III) preliminary accounts of their 
surveys, which will be continued duing the greater part of next year 
(1900-1901). The well-known expert in gold mining, Dr. F. H. 
Hatch, joined the staff of the Department on the 31st March of this 
year and will conjointly with the officers nam^d above, continue the 
study of gold in India, and the result of this joint inquiry will then 
be published as part 3 of the Manual of the Geology of India. 

Burma. 

Investigations were practically confined to the Wuntho district 

only, and a preliminary report on the results of 
L2!:;Kwil!l*s«oi. thi. season's work is given in Part III. The 

district is evidently fairly well provided with 
auriferous reefs, though up to date all the leaders and reefs which have 
been examined were very limited in dimensions. There is no doubt 
of the presence of gold in paying quantities, whilst in some cases 
the reefs may even be called rich, but there remains doubt whether 
'there is sufficient ore to repay working it on a large scale, which alone 
would ensure commercial success. Towards the end of March 
Mr. Stonier came across what appears to be a promising quartz-reef 
near Baumark, which runs to 9 dwts. over a width of 9 inches. He 
is now engaged in testing the extent of the reef. 

Wynaad. 

A preliminary examination of the more important reefs of South 

and South- East Wynaad was carried out during 

*' * ' ^ * the months of November to March of last year, 
a short report on which will be found in Part III. This survey 
will be continued on a larger scale during the next year by Mr, 
Hayden and Dr. F. H, Hatch. The results obtained by Mr. Hayden 
during his preliminary inquiry " tend to show that the majority of 
the reefs are probably too poor in gold to offer any prospects of 
remunerative working, yet it is possible that one or two may prove 
sufficiently rich to justify mining operations, provided they are 
carried on judiciously and under strictly expert supervision.^' 
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2. Coal. 

I have had occasion to re-visit Bikanir on my late tour in Raj- 

putana and have ascertained that the question 
Coalin Bikanir, ^j ^j^^ coal-field of Palana, referred to in my 

General Report of last year (p. 33), stands now practically as it did 
then. A good deal further development of the known seam has taken 
place at the same locality, but no borings have been conducted and 
it is unknown whether there are other seams below the one worked, 
and in what direction and to what distances the field extends. The 
Durbar had been advised by the State Engineer that the actual 
« proving'* of the field is unnecessary, as, so I am told, sufficient 
coal is actually in sight for probable requirements on the Jodhpur-t 
Bikanir Railway for a space of 15 years. 

I still am of opinion that the field should be proved both vertically 
and horizontally ; the position of it, midway as it will be between the 
North- Western, East Indian ai^d Bombay Railway systems, marks it 
as one of the most important coal localities of India. 

Mr. G. F. Reader, the coal*specialist of the department, examined 

at some length the coal-fields of Rampur (Eeb- 

^'"^purcAu^^'^' "^^r) ^"^ of Sohagpur, somewhat detailed 

reports on which are published in Part III of 
this Report. 

Mr. Reader comes to the conclusion that as regards the Rampur 
field, further action should be directed towards the immediate 
exploitation of the ''£'^3 coal seam*' and the completion of bore- 
hole No. 4 (K* of map) down to the Talchirs. 

In^the Sohagpur coal-field Mr. Reader finds that out of seven 
seams two (the Sabo and Amiei-Bokahi), are of workable thickoess 
and' very fair quality. 

3. Landslip at Darjbelinq. 

For three weeks during last October Mr. T. H. Holland's 
^ u services were placed at the disposal of the 

Bengal Government to advise the Committee 
''appointed to inspect the buildings, roads and drains in and round 
the town of Darjeeling after the disaster of the 24th September 

1899, and to suggest measures to prevent theroccurrence 

of landslips in Darjeeling in the future " The general 
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conclusions of the Committee and reports of the Sub-Committees were 
published together with the thanks of the Local Government, in the 
Calcutta Gazette of the 7th December last. The numerous and 
destructive landslips were, it appears, confined to the soil-cap cover- 
ing the gneissose formation which forms the Darjeeling ridge, and 
their immediate cause was satisfactorily traced to the excessive rain- 
fall which, following an unusually heavy monsoon, deluged Darjeeling 
on the two days preceding the disaster. 

The details of the Committee's lengthy report are purely of local 
interest but their conclusions as to the conditions for the development 
of sbil-cap slips being in geners^l agreement with the principles out-> 
lined in Mr. Holland's report on Naini Tal. I should like to endorse 
the following remarks for the bene&cial warning of authorities in other 
hill stations which have hitherto escaped the punishments which have 
been meted out to Naini Tal and Darjeeling : — " Although it is true 
that the cause of slips recently examined (in Darjeeling) can be im- 
mediately traced to the heavy rain of September 24th — 25th, it must 
not be forgotten— -and this is a lesson of permanent value to all 
hill stations — that the necessary facilities have been in the course 
of gradual development for many years. The soil-cap is the direct 
product of the atmospheric decomposition of the rocks, and through 
the action of percolating meteoric waters is in process of continual 
growth at the superficial expense of the latter. The removal of soil 
from the surface by the mechanical action of running water, and the 
simultaneous addition of decomposition products below the sub-soil by 
the chemical activity of percolating water are not concurrently com- 
pensatory in slopes covered with vegetation : there is a balance in 
favour of the latter process which is periodically restored by slips from 
the surface. The formation of a soil-cap does not in itself contribute 
to an increase in the surface slope, but its removal from the foot of a 
slope by streams, which there acquire a greater erosive activity 
through increased velocity and volume, increases the average slope of 

the hillside The increase in the angle of a slope by the under** 

mining action of a river is supplemented by the slow process of creep 
which proceeds step-fashion in every incUned soil-cap with the 
regular succession of wet and dry seasons. The expansion which 
follows the saturation of a soil-cap during each monsoon naturally 
takes place in the direction of least resistance, which is down the hill- 
side. The desiccation which follows in the succeeding dry season 
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merely makes a pause in this movement— not a return to original^ 
conditions. Such a ratchet-and*paul kind of creep downwards and 
outwards proceeds until the conditions of stability are exceeded, and 
a landslip occurs to restore equilibrium. It is delusive, therefore, 
to suppose thatj because a slope has apparently withstood the action 
of twenty monsoons^ the absence of accident is an index to its stabi- 
lity and an insurance against danger in the twenty-first wet season. 
On the contrary, in a steep earth slope unprotected by artificial 
means, every monsoon brings it nearer to the inevitable landslip, 
and the more perfect appreciation of this fact by the authorities in 
our hill stations will help to guard against the constant, but fatal, 
tendency there always appears to be to repose confidence in a slope 
which has not by chance been the scene of an accident for a genera- 
tion." Although this warning would not be applicable in the case of 
slopes on massive dolomite, as in parts of Mussoorie and Naini Tal, 
or on quartzite, as in parts of Simla, most of the Himalayan stations 
include slate and shale formations, or are covered with thick soil-caps 
•which should never be allowed to exceed the angles of safety which 
have been determined for different degrees of saturation. 



4. Irrigation. 

In Part III I give Mr. T. H. Holland's report on the site of 
_, . . the Bhavani dam. This note, referred to in my 

last Report, has since been published by the 
Madras Government, who have also recorded their thanks for 
Mr. Holland's services on the Committee appointed to investigate 
the Bhavani project. 

Daring February and March I visited certain portions of the 

Arusianv^auruupply. Central Provinces, Gujerat and Rajputana to 

ascertain, if possible, the chances of increasing 
the existing water-supply by means of artesian borings. Public 
attention had been directed to these means of alleviating the chances 
of famines in India, and in some measure it had been insinuated that 
Government neglected its duties by not resorting more frequently 
to artesian well-sinking in certain districts in India. That this is 
not so is shown by the immense mass of official papers on the sub- 
ject, which I am directed to notice in a compilation on the subject 
about to be published. Actual attempts had been made to sink 
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artesian wells in different parts of India, but it must be owned, with 
indifferent success in roost cases. Practically the only instance ia 
which a water-supply has been thus obtained within British India, is 
the one afforded by the wells in the Quetta District, which are a 
decided success. It must be borne in mind that for purposes of find- 
ing artesian water the Peninsula of India may be divided into three 
great areas: (i) The Indo-Gangetic plains, (2) The Peninsula proper 
lying south of the Ganges alluvium, and (3) portions of the tertiary 
plains of the Rajputana desert, Gujerat and Sind. 

I. The Indo-Gangetic plains are mostly formed of immense thick* 
nesses of alluvial deposits in which artesian conditions seem to be 
absent. The deposits are probably of such thickness that it would 
be hopeless to try and penetrate the same down to the water-level. 
Borings have been made down to 1,800 feet thickness without 
meeting with any other but soft sands and sandstones through which 
water passes without let or hindrance. From the character of the 
beds where seen near the margins of the basin, it seems that the 
same character of permeability attaches to the entire immense thick- 
ness of this alluvium, which may be upwards of 20,000 feet. 

2. The peninsula proper south of this last area consists mostly of 
either igneous and schistose rocks overlaid by systems of old palaeo- 
zoic formations and great sheets of basic eruptive rocks (Deccan 
trap). These rocks, although in some measure absorbent and water- 
retaining, offer such poor chances of finding artesian conditions, that 
it would in most cases be a waste of time and money to attem{>t 
boring for artesian water. 

3. In Rajputana, Gujerat and Sind conditions are somewhat 
different. There we 6nd tertiary (eocene and miocene) marine beds 
spread over a considerable area, lying within well-defined basins or 
formin<7 wide-spread, gently sloping, almost undisturbed deposits. 
It is probable that in the greater portion of the Rajputana desert 
these deposits may be found below the recent accumulations of sands 
and alluvial formations. In that part of Gujerat forming the drainage 
basins of the Gulfs of Cutch and Cambay, and also in parts of Sind 
the conditions are similar, and as a matter of fact a good supply of 
water is met within moderate depths from the surface within the 
tertiary beds. As the latter, particularly the upper nummulitic lime- 
stones, contain strings and layers of salt, it follows that the water of 
that horizon is generally brackish. 

At ordinary times this water, although to some degree always 
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bfackishy is used for domestic purposes and irrigation by the people 
of Rajputana and Gujerat, but during periods of drought the supply 
diminishes and then the Water becomes almost brine and is useless 
alike for domestic and agricultural purposes. Attempts have been 
made at difiesent times^ as much as sixty and more years $igO, to sink 
deep wells and artesian borings at several places in Gujerat, but the 
results were generally disappointing. The water obtained was found 
to be generally brackish ; in one or two bore-holes it rose to within 
a few feet of the surfacci but true artesian conditions have not 
been met with. It is true that none of these borings exceeded a 
few hundred feet, and it is difficult to form any workable deductions 
from the attempts. 

When travelling in Gujerat and tCathiawar recently, I satisfied 
myself that there is no difficulty in obtaining plenty of water, even 
during the present season of droughty in places such as the vast 
plains of Gujerat, south aiid south-west of Ahmedabad. The natives 
have sunk a number of new wells at several places in that area and 
find water, only slightly brackish, within 40 to 50 feet from the sur- 
face. This water collects within the uppet tertiary (miocene) beds, 
and it is probable that there are several well-defined horizons of such 
water. The tertiary deposits are underlaid in Gujerat by creta- 
ceous rocks, which may be seen to outcrop along the borders of 
Kathiawar and Gujerat from under the traps which cover the greater 
part of the cretacedus beds. As far as these latter may be seen, 
they consist of dark-brown sandstones overlaid by light-coloured 
impure calcareous sandstones and marls. The latter act more or less 
as an impervious layer, whilst the porous brown sandstones beneath 
contain a good supply of water. It may be observed that wherever 
the upper marls have been removed by quarrying (near Wadwan for 
instance) the water contained in the sandstones below rises rapidly 
to the surface. Although slightly brackish, it is fit for domestic use. 

It appears probable that these conditions will be found to pre- 
vail over a considerable part of Gujerat, and it may be, also in Raj- 
putana, and I have therefore decided that it would be advisable to 
make a trial boring somewhere in the neighbourhood of Wadwan, 
this boring to be brought down to at least 1,000 feet or until the 
brown cretaceous sandstone is reached. There is some hope that 
the water reached in that horizon may then rise to the surface . 
Similar arguments may be urged in favour of certain localities in 
Rajputana, and 1 believe the Jodhpur Durbar has accepted my advice 
and will sink a deep boring between the Luni river and Balmer with 
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the double purpose of finding an artesian supply of water and to a^« 
certain also, whether the eocene coal seams of Bikanir are repeated 
within the tertiaries which most probably underlie the recent de« 
posits near Balmir. 

B*— Geological Surveys* 
X. Burma. 

During the season 1890 to 1891, Dr. Noetling made a geological 

traverse through the northern Shan States ; 

Mr! c. s. Middlkmiss/ since then the topographical maps of the latter 
Mr. P. N. DuTTA. y^^^^ ^^^^ j^^^^j^ improved upon and it was 

therefore decided to carry out a more systematic geological survey 
of the Shan States of Burma and a traverse of the adjoining Karenni 
country. Messrs. LaTouche and Dutta worked along the section 
between Mandalay and the Kunlon Ferry of the Salween, whilst 
Mr. Middlemiss conducted a rapid traverse through the southern 
Shan States and the Karenni hills. The results obtained are exceed- 
ingly interesting ; in the northern Shan States some additions were 
made to the geological notes on the country given by Dr« F. Noetling ' 
and some fossils were collected which await description. 

The results are embodied in progress reports in Part III of this 
Report ; Mr. LaTouche comes to the following conclusions :— 

'< The formations met with along the route traversed by me, that 
iSf the railway line under construction between Mandalay and the 
Kunlon Ferry, are the following, in descending order : — 

List of Formations. 



No. 



Periad. 



IX 



Recent • 



Description of beds. 



Valley gravels and alluvial deposits 
with numerous land and fresh- 
water shells. 

Older eravels and boulder beds. 

Red and yellow clays, often of great 
thickness, and sometimes con* 
solidated by . the infiltration of 
carbonate of lime into a hard rock 
containing land and freshwater 
shells. 

Similar clays hardened by infiltra- 
tion of iron oxide, later! te, occa- 
sionally sufficiently rich to be 
used as an ore of iron. 



Local Name. 



1 Records, G. S. I., Vol. XXIII, p. 78, and XXIV, pp. ^g^ 119^ las. 
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List of Formaiions^^{coixc\\xAtA). 




10 



Tertiary 



8 



Devonian? •< 



Upper 
bilurian P 



Upper 
Silurian 



Lower 
Silurian 



Lower 
Silurian 



1 
( 



."I 



•{ 



r 



.< 



White and yellowish sandstones 
with grey and brown clays and 
coal seams. 

Red and brown sandstones with 
numerous bands of red clay and 
shale. Few fossils. 

Grey and olive shales with concre* 
tionary masses of dark blue lime- 
stone. Very fossil if erous. 

Thick beds of limestone generally 
siliceous, or calcareous sandstone, 
white or grey colours with subor- 
dinate bands of argillaceous 
shale or fuller's earth. 1 he shales 
contain many fossils. 

Black calcareous shales with bands 
of hard black or dark grey lime- 
stone. Graptolitis^ etc. 

Soft yellow sandy shales and sand- 
stones with nodular beds of lime- 
stone. Trilobites, etc 

Grey and olive green shales and 
limestones weathering into soft 
sandy shales. Many fossils. 



Namyao beds. 



Kyinsi beds. 



Flaggy limestones separated by 
bands of shale or cla]f, occasion- 
ally carbonaceous. Orthoctras, 
etc* 

Dark red calcareous shales with 
Echinospharttes Kingi and frag- 
ments ot crinoids. 

Massive and flaggy limestones 
traversed by numerous veins of 
calcite. 



Maymyo limestone. 



" Zebingyi beds. 



Naung Kungyi 
beds. 



Myaungbaw beds. 



Red crinoid beds 
( Pyinthu beds, 
Ncetling). 

Sedaw limestone. 

(Mandalay limestone, 

Noetling. ) 



These beds seem to form a conformable sequence, but as each 
sub-division from the red sandstones downwards, has been greatly 
crushed^ folded, and faulted and the dips often vary considerably both 
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in direction and amount ivithin a space of a few yards, and, more- 
over, this line of contact between any two formations is generally con- 
cealed, it is impossible at present to say whether there is any uncon- 
formability or not« No mesozic formations were met with. 

Generally speaking there is a distinct zonal arrangement of the 
different formations, the oldest occurring along the western edge of 
the hills ; while as we proceed eastwards newer formations are suc- 
cessively crossed. The general strike is between N.N.E. and E.N.E. 
but it varies greatly within short distances. This is also the general 
direction of the route taken, so that it often ran for several miles on 
one and the same formation. 

The most interesting of the new formations discovered are the 
black graptolite shales with the underlying trilobite beds of the 
Zelingyi beds (Nos. 5 and 6), In the iormer graptolites are very 
numerous, often matted together on the surface of the layers. They 
appear to belong entirely to the monoprionidian order, no double 
forms being met with* They are associated with large numbers of 
another upper silurian fossil, closely resembling, if not identical 
with, Tentaeulites elegant (Barr.) ; in fact the figures of this fossil 
in Barrande's Silurian system of Bohemia, Vol. III., pi. 14, might have 
been drawn from one of the Zelingyi shales. The trtlobttes are not 
so easily identified, being all fragmentary, but one or two specimens 
of heads are almost certainly those of Eucrinurus funciatus. Fenes^ 
tetla retiformis is also very common in these beds in one locality. 
The graptolite and trilobite beds are well seen in the railway cuttings 
on either side of Zebingyi Railway Station. 

The shales and limestones of the Naungkangyi beds (No. 4) 
contain large numbers of casts of Orthis and Strophomena. Asso- 
ciated with these are numerous plates of a small cystirlean closely 
resembling Mimocystitis Bohemicus (Barr.) figured in Vol. VII, pi. 
28, of Barrande's Silurian system of Bohemia. These belong to his 
stage D„ corresponding to the Bala or Caradoc stages of Great Britain. 
These beds are well exposed in the Goktei gorge between the 
84th and 86th miles on the cart-road. They also occur in the low 
hills about two miles north of Maymyo. 

The white siliceous limestones (No. 7) are the most widespread 

formation found along the route. They extend from near Thond- 

^ aung (Waboye) station about eight miles west of Maymyo, almost 

without a break to the Salween, a distance of nearly 200 miles. The 
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only fossils they contain are the casts of small gastropods and a 
bivalve resembling Pterine^, but some shales found at Wetwun, 
twelve miles east of Maymyo^ and again on the railway two miles north 
of Gokteik station^ contain a fair number of fossils, which await 
identification, and are probably interstratified with these limestones* 
The latter form the precipitous cliffs on either side of the Gok* 
teik gorge and about Lashlo. 

(No. 8,) A highly fossiliferous band of shales is found overlying 
the white limestonej but the fossils from it have not yet been speci* 
fically determined. They contain a small Conocardtumsind numerous 
specimens of Pecien, also a small gastropod, perhaps a Murchtsonia. 
They may be of Devonian age. These were found in two localities : 
first near the village of . Kyankyau, at the 73rd mile on the cart- 
road, and again near Kyinsi, from which village I have named the 
stage, at the 123rd mile. These beds occur at the base of a great 
thickness of red sandstones and shales (No. 9) which are especially 
well seen in the railway cuttings along the valley of the Mamyao or 
Lashio river. Here I found a few fossils in them, but all in a very 
fragmentary condition.'' 

Mr. Middlemiss arrived at his working-ground in the southern 
Southern Shan Staffs Shan States on the 7th December, and he left 
and Kargnni. jj ^o retum to head-quartcfs on the 4th April 

1900. 

Between those dates he was engaged in making a set of preli- 
minary geological traverses through parts of the southern Shan 
States and Karenni, the main object being to cover as much ground 
as rapidly as possible in the time available. 

Except for a brief tour by the late Mr. E. J. Jones in 1887, 
undertaken for economical investigations, the country was quite' 
unknown in all details of its structure and stratigraphy. Mr. Middle- 
miss crossed the southern Shan States from Thazi as far east as 
Nongsewik (Long. 97*^ 45'). He then returned to Thamakan, and 
after working north for a short distance along the plateau, took a 
southerly direction to Loikaw in Karenni. From that point he 
carried a second cross-section through Karenni from the Salween 
river westwards to the plains again. The tour involved much hard 
and continuous marching. 

The whole expanse of the country traversed was found to be an 
elevated plateau complicated by E.-W. crumplings of the strata 
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and so giving rise to N.-S. hill ranges with longitudinal valleys 
between. The rocks naturally group themselves into N.-S. longi* 
iudinal strike*zoces of different composition. Mr. Middlemiss recog* 
nizes the following : (i) a gneissic and metamorphic zone routing 
the Irrawaddy plain; (2) a great limestone zone^ occupying the 
greater part of the plateau proper ; (3) a purple sandstone zonei 
occurring along certain lines in zone (2) and inlaid with it, as it 
were ; and (4) a zone of very young (subrecent to uppermost Siwa- 
lik) conglomerates, sands and loams, hardly disturbed at all, and 
occupying in the form of long strips certain of the broad flowing 
valleys of the plateau. 

The gneissic and metamorphic zone consist of mixed homblendtc 
and micaceous gneisses, resembling those of South India, with veins 
of intrusive granite, also of quartzites, black slates, and schistose 
slates. 

The limestones are the most characteristic rock of the plateau, 
and are dark or light grey in colour, frequently much brecciated and 
interbanded with many shales and marls. 

It is unfortunate that no recognizable fossils were found by 
Mr. Middlemiss except in the case of certain bands of shaly limestone 
and marls in the hills between Hopdng and Mong Pawn. In the 
latter (well-exposed along the Government cart-road) sufficiently 
good specimens were obtained to show that they are of middle Pro« 
ductus limestone age (permian). They are, therefore, probably a 
northern continuation of the Moulmein limestone. 

The purple sandstone zone with its shales, coarse conglomerates, 
and coal beds, is thought to be younger than the neighbouring lime- 
stones. At the same time it has many points of resemblance to similar 
rocks east of Thibaw found by Messrs. La Touche and Datta in the 
northern Shan States. 

Owing to dense jungle in places, to absence of good sections 
(except along the cart-road), and to the nature of massive limestone 
rocks, to weather into slopes of structureless blocks, Mr. Middlemiss 
found that his rapid survey does not warrant him in attempting to 
put in their normal order either the rock zones themselves, or their 
several component rock bands. It would at present be impossible to 
exhibit them in a generalized section showing the relative age and 
sequence of each ; but it seems probable that their order in the section 
is not a simple one due to mere gentle undulation of the strata. 
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During his tour Mr. Middleraiss visited and examined some lead, 
silvefi and copper mines near Bawzaing and Myinkyardo; some coal 
near Inwun^ and lignite at several points in the Thamakan plateau. 
He also visited the " green-stone " tract on the Salween river near 
Namonyand found the stone (which is being collected as gems) to be 
green tourmaline with crystalline marble as matrix. 



2. Madras Presidency. 

During the season of 1899-1900 Mr. Smith was at work for five 

Mr. P. H. Smith. months during which time he reconnoitred an 

Ganjam, area of some 7,500 square miles, comprising 

the whole of the Ganjam district, except a small tract to the 

extreme south round Chicacole and Parlakimedi, which had already 

been mapped by the late Mr« Fedden of this Department. 

The whole country is composed of two classes of rocks. By far 

the greater area is of crystalline igneous rock, 
into which bands of metamorphosed schist are 
folded. No unaltered sedimentary rocks are met with, but consider- 
able areas are covered, and some of the hills are capped with laterite. 

The foundation of the whole of the Ganjam district is a some- 
^ ^ „. . what complex mass of rocks of igneous 

Crystalline Igneous. • • o r -.i. *. s. -lc 

origin. By far the greater part consists of 
garnetiferous granitic rocks or leptynites, of every variety of tex- 
ture, and of slightly varying composition, locally extremely crushed 
and foliated. Associated with these and interbanded with them is a 
series of pyroxene-bearing rocks — charnockites which pass gradually 
from acid forms to the more basic. The latter only occupy very 
limited areas, but the -more acid pyroxene rocks, which are also 
garnetiferous, are found over extensive areas, passing by insensible 
gradations into the main leptynite mass. 

Intrusive rocks of later age are not common, and ordinary trap- 
dykes are very rare, only a few small dykes of hornblende-diorite 
being met with in the hill tracts. In the Aska neighbourhood a 
fine-grained augite-biotite rock is found interbanded amongst the 
coarse crystalline rocks. It appears to have been originally intruded 
into the granitic rocks, and subsequently crushed and foliated with the 
surrounding; rock. 
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The bands o( schist have been derived from ancient sedimentary 

rocks^ probably ferruginous shaly sands and 
gritS| which have been folded into the crys- 
talline mass. In places it is seen to be only slightly altered, but 
usually the metamorphosed rock is now a well-defined quartz-garne 
schist, nearly always containing sillimanite, and occasionally minute 
grains of graphite. 

Associated with the ' schist, and apparently the result of the 
^. , .. metamorphism of calcareous beds amongst the 

Minnal limestone. .^j. ^ i-^ ^. lj 

ancient sediments, are several interesting bands 
of crystalline limestone, which are full of accessory minerals. The 
latter frequently increase to such an extent that the calcite is of rare 
occurrence amongst the yellow-red -garnets, green diopside, felspar, 
^apolite, quartz, apatite, spbene, and tourmaline. No trace of 
corundum or its purer forms of ruby or sapphire can be found 
amongst these minerals. 

The junction between the schist and the granitic rocks is seldom 
seen, but when visible the schist passes over gradually into a more 
and more crystalline rock, until there is no well-defined boundary 
between the two series. It is remarkable that no intrusive granite 
is ever seen amongst the schist. 

The Ganjam district is not Very promising from an economic 

point Qf view, and mica would seem to be the 

Ec9nomte geology. * . , . ., , , 

only mineral of possible value. 
Quartz reefs are practically absent throughout the district. 
^ .^ Quartzose bands occur amongst the schists, but 

Mr. Smith was unable to find any trace of gold 
in any of them. None of the natives of Ganjam carry on gold- 
washing, and traces of the metal was met with in one stream only, 
namely, on the Mahendragiri Mountain, 

There has for some time been an idea that sapphires were to be 
^ ^, found on Mahendragiri. In fact a few trans- 

Sapphire. , , **^ %• e , 

parent and translucent sapphires of some value, 
said to come from the summit of Mahendragiri, were sent into the 
office of the Geological Survey for identification. On investigation 
it appears that a certain ' Kabal merchant' brought down a basketful 
of earth from a mound at the top of Mahendragiri and that on wash- 
ing this earth he extracted the sapphires. I have examined the 
mountain which consists of coarse granitic rocks. There is no 
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trace of corundum or sapphire in these, and nothing coi Id be found 
in the remains of the mound which the merchant left. It is probable 
that the merchant took the stones up with him, or he may possibly 
have been in tj;ke possession of information of a buried treasure. 

For some years native physicians have bought mica dag from 

small pits in the Russellkonda neighbourhood. 
Several veins of course micaceous granite 
are found in the jungles a few miles to the south-west of that town. 
Mr. Smith had several pits sunk on these mica outcrops with the 
result that crystals of somewhat crushed and earthy mica were obtained 
up to 5 inches in diameter. The coarse micaceous rock, however 
seems to be very inconstant and local in its development, and in the 
pits there was neither enough of the mother*rock, nor were the 
micacrystals large and pure enough to be of economic importance. 

The country surveyed comprised that part of the Vizagapatam dis- 
_ ^ . „. trict contained in the North-East quarter of 

Db T. L Walker 

The Hui Tracts of Atlas sheet No. Q3. Four rock groups were 
Vizagapatam. recoguised, as follows :— 

I. Hypersthene^Garnet Granites and Gneisses form the whole 
of the plateau of about 3,000 feet altitude. This rock formation is 
approximately bounded on the west by a line passing N.N.E. through 
Jeypore (E. Long. 82^38', N. Lat. i8°5i'). Only about 1,000 square 
miles of this rock formation were examined, though it is known to 
extend for long distances north, east^ and south. 

II. The Crystalline Schists occupy the level country to the 
west of the rocks of group I. To the north of N. Lat. 18^50' these 

^ rocks are generally rather coarse biotite and hornblende gneisses, 
striking north-west, while to the south they are more varied, horn- 
blende and biotite gneisses and schists, potstone and quartzites. 
The strike of these southern gneisses is generally north-east. About 
1,200 square miles of crystalline schists were surveyed. 

III. Cuddapahs (.^). — Poorly exposed and of a small area these 
rocks occupy the western and north-western part of the country ex- 
plored. Lithologically they are made up of purple and grey slates 
and shales, limestones semi-metamorphosed and lithographic, while 
near Tetulguma some well-defined conglomerates occur. At various 
points along the contact of the Cuddapahs (?) and the crystalline 
schists, hematite quartzites and quartzose rocks, which are possibly 
crushed conglomerates, occur. As similar rocks in India are at tinitg 
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auriferous, I crushed and panned several samples, but without finding 
even the colour of gold. — No fire assays have been made with a view to 
settling the question as to whether these rocks contain gold or not. 

IV. Diabase.''^ln a much altered form occurs near Jeypore and 
also near Ramagiri, where it forms small hills whose geological rela- 
tions are not known— it is probably the youngest of the four rock 
groups and possibly forms dykes. 

Economic, '•^Itou is manufactured in many villages in the area 
occupied by the crystalline schists. The iron ores are generally 
poor, — hematite quartz rock^ hematite and nodular limonite being 
the ores commonly used. Potstone is used to manufacture idols, 
while some of the limestones will be of value for lime and for orna- 
mental purposes. The presence of rocks which may contain gold 
has already been referred to. 

3. Central Provinces. 

Part of a gap on the geological map of the Central Provinces 

comprising the greater part of the Bastar State 
^^JtJ^suur* "^^^ surveyed by Mr. Bose. The area is situ- 

ated between Lat. 19° and 20°, and Long. 80® 
and 82^ ; besides this some gaps which this officer left in last season^s 
maps north of Lat. 19^ were also furnished. The area reconnoitred 
would be about 6,600 square miles. The greater portion of the ground 
— the entire country west of Long. 81*^30' — is hilly (the hills occa- 
sionally rising to over 3,000 feet above the sea-level), jungle-clad, 
very sparsely populated, and but little cultivated. 

The base rock is gneiss^ usually of a granitoid character. Resting 
upon a denuded surface of it there occur— 

L A transitional series of a pronounced Dharwar facies with 
hematite qartzite, as its best developed and most prominent member 
forming straight, deeply notched, sharp-crested, precipitous ridges 
running along the strike. The rocks cover a very small area and are 
met with as fragmentary patches having been extensively intruded 
through by basic igneous rocks since their elevation. The strata are 
much disturbed ; the strike, usually N. S., is, at places, twisted about, 
and the dip not seldom borders upon the vertical. 

II. Rocks lithologically similar to those of the Chhattisgar basin 
and referable to the lower Vindhyan horizon. They cover almost the 
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entire country between Lat 18° 55' and 19° 30', and Long. 81® 35' 

and 82® 5'. They consist of : — 

{a) Basal sandstones, often more or less quartz! tic and gener- 
ally coarse, the bottom beds being usually massive and 
conglomeratic. They as well as the superincumbent 
shales {b) are nearly horizontal or roll about slightly. 
At Chiterkot (Lat. 19*^ 12', Long. 81^45') there are 
expo&ed some 130 feet of them with interstratified 

lenticular baiKls of dark shales. 
{b) Reddish, dirty grey, and buff shales (with intercalations 

of sandy beds) often passing into limestones. ^ On the 
assumption of horizontality, their maximum thickness 
may be estimated at about 200 feet. 
{c) Upper sandstones, quartzitic and fine grained. They are 
as a rule nearly horizontal, but, at one place, were 
noticed to be highly disturbed and faulted against the 
gneiss. They overlap the shales {b) on to the gneiss. 
In the hill country west of Long, 81® 30' there occur several 
considerable patches of excessively coarse, massive conglomerates 
overlaid by quartzitic sandstones and shales — an assemblage of rocks 
not unlike the lower Vindhyans mentioned above, but differing from 
these in being intimately intermingled with contemporaneous trap- 
pean rocks and in presenting features of greater disturbance. 

Besides limestones of good quality in the lower Vindhyans^ and 
rich and extensive deposits of iron-ore, especially in connection with 
theliematite-quartzite of the transitions, the only mineral of eco- 
nomic importance which was met is mica. Two veins of muscovite 
were discovered within very coarsely crystalline granitoid rock in 
the bed of the Baordhiy river south of Jungani (Lat. 19^ 45', Long. 
81^ 43'). The largest size of plates found measured about 5 inches 
in length. Being from the surface, however, they are much weathered, 
cloudy, and cracked. Four miles further south, nests and small 
veins of muscovite associated with vein quartz abound in coarse, 
much decomposed granitoid rock. 

4, Punjab. 

The relations of the upper Palaeozoic to the triassic beds of 

the Salt Range is of such importance and of 

^^lu^Ran-e^* *"^^ ^'^^^ bearing upon Indian geology gener- 
ally that it became desirable to revise some of 
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the work done already by Messrs* Wynne and Waagen in past years 
and to supplement it by further researches. The late Professor 
Waagen, who had described the fossils collected in 1872, had come tb 
the conclusion that not only a great gap existed in the sequence 
between the permian and triassic beds, but that there also existed a 
great difference between the fauna of the Salt Range and that of 
the Himalayan trias. According to Professor Waagen this difference 
is chiefly proved by the absence of the genus Otoceras^ which he 
stated positively does not occur in the Salt Range. 

Dr. Noetling had frequently expressed his doubt about the correct- 
ness of Ibis view. He stated that as far a^ he could judge from a 
flying visit paid to one of the triassic outcrops in the Salt Rangei 
there existed a perfect passage between the topmost permian beds 
and those which were considered to be of triassic age, and conse- 
quently the Octoceras beds which form in the Himalayas the base 
of the triassics must, in his opinion, be represented in one way or 
another. Dr. Noetling felt inclined to consider some unfossiliferous 
beds at the base of the triassics in the Salt Range as the equivalents 
of the Octoceras beds. 

In order to decide this question Dr. Noetling was deputed to 
the Salt Range, where he examined some of the most important 
sections near Virgal and Chidru, with the result that it was proved 
that his supposition of the existence of a gradual passage between 
the permian and the triassic beds was fully confirmed. Professor 
Waagen's hypothesis of a break in the sequence fell to the ground 
as it was plainly and flatly contradicted by actual facts. Shortly after« 
wards Dr. Noetling reported that he had discovered Otoceras sp, 
in several specimens, but to his greatest surprise not at the base 
of the Ceratite formation as he expected, but right in the middle 
of the Ceratite marl. Thus proof was given of the most important 
fact that not only did the genus Otoceras exist in the triassic 
beds of the Salt Range, but that the whole of the Ceratite marl 
to which a much higher position was attributed by Professor 
Waagen must be considered to be the equivalent of the Otoceras beds 
of the Salt Range.^ 

Dr. Noetling examined also the permian system, and he discover- 
ed that the main layer of Xenodtscus cardonartus, Waagen, was not, 
as supposed by Professor Waagen^ high up in the upper Productus 

^ It is necessary to state that the species of Ohcvas referred to differs from the Himalayan 
forms of Otoceras in some characteristic detaihi, if indeed it can be referred to this genus, it is 
certain, however, that it is closely allied to it. (Director.) 
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limestone, but about 500 feet lower dowo, oear the top of the middle 
Productus limestone. This is also a very important discovery, 
inasmuch as it will materially help towards the correlation of certain 
beds in the Himalayas. Dr. Noctling holds that the trias (ceratite 
beds) of the Salt Range and the Productus limestone must be 
considered as subdivisions only of one and the same series, because 
the gradual passage from the lower beds full of paleozoic 
brachiapoda to the upper beds in which the ammonites occur makes 
a stratigraphical subdivision into two great periods an absolute 
impossibility. The following table shows the sequence of beds 
according to Dr. Noetling's view, in descending order : — 



Hi 



¥ 



Zone of StiphaniUt superhut, Waagen. 



Zone oF Koninekitei volutut, Waagen. 

Obocet 
beds. 



as* Zone ol Prionolobut 



Zone of Celtitti sfe*. 
Zone of Eupktmus indicus, Waagen. 
Zone of ^^iy I a htmitphatriea, Waagen. 
Zone of Pradaetut limatui, Waagen. 



Middle pro- 
lime&tone. 



Zone of Xtneditcus carbonariut, 

Waagen. 
Zone of Lytlonia nobilis, Waagen. 
Zone of Fusiiiina katlatiisis, Waagen. 



Zone of Spirifer 



I, Waagen. 



Lavender Llay ui^/os s ilile ruus. 

Bivalve beds. 
Speckled 
tandsione. Zone of Comtlaria taevi- 
gala, Morris. 
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5. Himalayas. 

The description of the large Himalayan collections, especially of 

the upper trias, had made it most desirable that 

KUMAON* , • • 1 

Mesiru LaTouehi^ certain localities m the Kumaon Himalayas 

SmUh,and Walker, i_ u i_ • -^ j j j» 1 mj- 

should be re-visited, and accordingly Mr. 
LaTouche was deputed to the upper Lissar valley, whilst Mr. Smith 
was charged with the detailed work in Byans and the Kuti Yangti 
valley. Dr. Walker was sent to the Chitichun " Klippen " north- 
west of the Milam passes. The season proved an unusually un- 
favourable one and severe weather with snowfalls impeded the move- 
ment of the three parties considerably. Dr. Walker had to close his 
field-work very early owing to severe indisposition. However, the 
results are very commendable and very good collections have been 
made by these three officers, which will be worked out in due course. 

Survey work was again taken in hand in Spiti during the hot 

season of 1899. Mr. Hayden and Dr. von 
Mr, H. H, Hayd$n Krafft were posted to that part of the Hima- 
layas and they reached the Spiti valley on the 
22nd May 1899. The early part of the season was devoted to joint 
studies on the lower trias near Muth and a large collection of fossils 
was made in these beds. Later on the work was divided between 
these two officers, and each has given a progress report on his share 
of the survey, which is practically nearly finished, only a few months 
work remaining to bring the whole up to a certain degree of com- 
pleteness. 

With the exception of some almost inaccessible parts of the 
snowy range between Spiti and Hundes, the whole of the former 
district has been mapped and the survey carried through Kanaur 
and Hundes into Rupshu. 

The whole sequence of beds has been examined in as great detail 
as the time available would permit, and collections have been made 
from several fossiliferous horizons. The results show that all the 
systems from upper cambrian to cretaceous are probably represented 
in Spiti and Bashahr. Considerable attention was paid to the 
upper trias, several interesting discoveries having been made with 
reference to that system, which has been found to be more complete 
than has hitherto been supposed to be the case in the Himalayas. 
Certain sections which have as yet been only cursorily examined, 
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promise to yield important results, chiefly with regard to the extent 
of the permian and carboniferous systems, and when these have 
been worked out it is hoped that it will be possible to publish a fairly 
complete memoir on this area. 

The following are a few of the more important results obtained 
by the Spiti party : — 

(i) A tritobiie fauna of upper Cambrian age has been found 
in the Parahio valley. 

(2) An important unconformity has been proved to exist 
between the Cambrian and Silurian systems. 

(3} Upper Silurian fossils have been found in Spiti and 
Bashahr, 

(4} A great system of limestones overlain by shales and 
quartzites — including beds of upper carboniferous and 
permian age — has been found near Lio in Bashahr. 
This system is not known to attain such full develop- 
ment in any other part of the Himalayas. 

(5) Large collectionS| including many new forms, have been 

made from the lower trias beds and have been worked 
out by Dr. Krafft. 

(6) The muschelkalkj from which several forms new to the 

Himalayas have been obtained, has been found to 
extend both upwards and downwards further than 
had hitherto been suspected. The lowest bed in 
which fossib occur contains a very interesting ammo- 
nite fauna. 

(7 j The upper muschelkalk passes up perfectly gradually into 
beds of ladinic age^ with Daonella lommeli^ Wiss., and 
there is no trace in Spiti of a break between the 
muschelkalk and the upper carnic stage. 

(8) No break of any kind has been found in the triassic bedsj 

but there appears to be a perfectly gradual passage 
from lowest trias to Jurassic. 

(9) The upper trias beds are of great thickness and contain 
numerous fossiliferous horizonS| many of which can be identified 
with those found by Mr. Griesbach and Dr. Diener in the Central 
Himalayas. 
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In the following table will be found a rough classification of the 
sedimentary rocks of Spiti and Bashahr :•— 



SpiH. 



Black (Spiti) shales. 



Grey aod black earthy 
limestones, passing 
up i^radaally into 
the bpiti shales. 



White and brown 
quartzites, black 
Shales* and bard 
grey limestones. 



Fosml contents. 



Upper Jurassic ammonites. 



Stephanoctras cf. toronato. Brag. 
Spirifffina cf. obtusa, 0pp. 
{f)Spirigera natlingii^ Bittn. 

SfegahdoH ladakhensu^ Bittn. 



Amlacoihyris joharensis, Bitto. 
Lima cumanicot Bittn. 
Spiriferina griesbachi, Bittn. 



Other Paris 

of the 
Himalayas, 



Spiti shales. 



Dachstein Kalk 
in part. 



Brown- weathering, 
sandy, and shalv 
limestone* sancH 
stone and dolomite. 



Coral lioiestone. 



Brown-weathering , 
sandy, and shalv 
limestones; sand- 
■tones and shales, 
with black splintery 
limestones. 



Dolomitic limestone. 



S^riferina griesbacki, Bittn. 
Anodontophora grie$bachi, Bittn. 
Aulocothyris joharensis, Bittn. 
DiiiichiioSi n. sp. 
Monotis salinariOf Br« 
Spirigera dieneri, Bittn. 



Spififerina griesbaehi, Bittn. 

Rhynchonella bambanagensis, 
Bittn. 



Paraiibetiies iornguisti, E. v. 
M«ji. var. 

Juvavites aff. ekrlichi, v. Hau. 



Buropom 



Upper Jurassic. 



Dogger. 
(?)Liai. 
(?)Rhaetic« 



^'Sagenites 
beds.'' 



" L i m e s t o ne 
with Spififerina 
griegbachi,'* 



"Halorites beds" 



{))HaHeTites n,f, ind, E. v. Mojs 

ParaUbetiios aff. tornquisH E. v. 
Mojs. 



'* H a u e r ites 
beds.'' 
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SpUi. 



Splintery limestones, 
grey shaly lime- 
stones, and calca- 
reous shales. 



Grey, earthy shales, 
With shaly lime- 
stone partini^. 



Fossil contents. 



Tropiteg d. subbullato, E. v. 
Mojs. 

Tropiies aff. discobulUto, E. v. 
Mojs. 

Clydonautilus j^iesbachi, E. v. 
Mojs.^ 



Hard, dark, splintery 
limestone with 
shaly limestone 
intercalated. 



Black shaly lime- 
stones. 



Spififerina shalshahnsis, Bittn. 

Rhynchonella lankana, Bittn. 

Joanniies cymbi/ormis, W« 

Trachyceras cf. aonoidtt, E. v. 
Mojs. 



Halobia zU comata, Bittn. 
,« cf, /as cigera, Bittn. 



Daonalla lommoH, Wiss* 



Other Par U 

of the 
Himalayas, 



"Daonella beds 



a 



Grey and black con- 
cretionary lime- 
stones with thin 
shaly partings. 



Nodular limestone. 



Grey, earthy, and con- 
ci etionary lime- 
stem^ and shales. 



Daonella indica, Bittn. 
„ lommeli, Wiis. 
Gym niiss gcki, E. v. Mojs. 
Trachyc0ras ladiuum, E. v. Mojs. 
Proarcesies bicinctust E. v. Mojs. 
Piycnit€s gsrardi, Blanf. 

Ptychiies rugifer, Opfj. 
CeratiUs tnuillerit 0pp. 
Spififerina straeheyH, Salt. 
Ceratitts subrohusius,E. v. Mojs. 
Sibiriies prahlada, Dien. 
Danuhites kansa, Dien. 



Very poor in fossils. 



Hsdsnsirosmia fnojsisovi€si,Dlen, 
Danubites nivalis, Dien. 



Upper. 



Lower. 



a 



Age uncertain. 



" Subrobnstus 
beds," Diener. 



Europe, 



Ladinic 
stage. 



13 

» 

a 
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Spiii. 


Fossil contents. 


Other Paris 

ofine 
Himalayas, 


Europe, 


Black limestones and 
■hales. 


Propiychit§s ammonoides, Waag. 
Miikoc§rcUy o. sp. 
Ophiceras sakuntala, Dieo. 


Otoceras beds. 
Griesbach. 




Black sha!es. 


Xenodiscus carbenartus, Waag. 

Cyclolobus oldhami, Waag. 

Brachiotoda of the '* Productus 
shales." 


Productus 
shales* 




Calcareous sand- 
stone- or sandy 
limestone, under- 
lain by grits and 
conglomerates. 


Spiri/er musakheyUnsts, Dav. 
AtkyrU gerardi, Dien. 
Produttus furdonU Dav. 
Si ariinia glabra. Mart. 




m 

5 

i 

M 
M 

flu 


Alternating beds ol 
shale and quartzite. 


BryoBoa (Fenestellat etc.) badly- 
preserved brachiopoda. 


(?)"Zewinbeds" 
of Kashmir. 


Q 

< 
CO 

D 
O 


Limestones, slates, 
and quartzites. 


PMlUpsia d. eliffordh Woodw. 

Rkynchonellad. pleurodon, Phill. 
Derby ia sp. 
Syringothfris sp. 


« 

e 

X 

o 
sa 

M 

< 


Grey limestone, 
often oolitic and 
crinoidal. 


Prcducius sp. 
Aihyris sp. 

Syringethyris cf. cuspidata. Mart 

„ cf, distans. Sow, 

• 


Upper carbo- 
niferous, 8a, 
Mem. G. S. 1., 
Vol. XXIII. 

Griesbach* 




White quartzite. 


Apparently unfossiliferous. 


Carboniferous. 




Grey siliceous lime- 
stone, weathering 
brownish red. 


Fragments of erinoids and bra* 
chiopods. 


" Red crinoid 
limestone." 
Griesbach 


(?)Dbvonian. 


Limestones, marls, 

And «la.t«*« 


HmlysUes caienularia, Luck. 




Upper. 




• 


Calymene sp. 


• 
< 


Red gritty quartzite, 
underlain by con - 
glomerates. 


Apparently unfossiliferous. 


i 


(?)Lower. 


D 
•J 

in 
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Spitu 


Fossil contents. 


Other parts 

oft he 
Himalayas, 


Europe, 


Slates and quartsitM, 
with thin bands of 
dolomite. 


Ptychoparia sp. 

OUnus sp. and nther apper 
Cambrian trilobitas. 




Upper. 




Red quarti-schists, 
slates, and carbo* 
naceaus shales. 




Upper. 


Haimanta. 




• 

< 
n 


Quartzites and slates. 


Middle. 


6 



6.-*SiNO. 

As a considerable difference of opinion existed with regard to 

the development of the tertiaries in Baluchis- 
MR. E? VR.^EN'2'iRG; tan and Sind, Dr. Noetling was deputed during 

the second*haI{ of the season to Sind, where 
he wa# later on joined by Mr. Vredenburg. 

Dr. Noetling thoroughly examined the northern part of the Laki 
range, while Mr. Vredenburg studied the country in the neighbour- 
hood of Ranikot. Later on the party examined the country between 
Jhirrak and Meting. Though only a comparatively short time could 
be devoted to these researches the results obtained are very im* 
portanti and the view which Dr. Noetling held with regard to the 
middle eocene of Baluchistan-— namely, as being an equivalent of 
the Ranikot group— has been fully proved to be correct. Dr. Noet- 
ling and Mr. Vredenburg brought together a splendid collection 
of fossils, and though a considerable time will elapse before these 
will be described, the systematic researches of these officers have 
shed quite a new light on the stratigraphy of Sind. As the eocene 
was chiefly examined, these new observations concern of course 
that sub-division of the tertiary system only, and according to 
Dr. Noetling the sequence of the eocene is as follows in descending 
order :«^ 



Nari-group • 



A i6 



17 Zone of Cerithiuntf spec. nov. 

Zone of Eupatagus rostatus^ d'Arcb. 
5 Zone of Echinolampas discoideus, Dup. 



e 
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14 Khirthar limestone. 
13 Zone of Anomia, spec. nov. 
Ranikot*oroup .^ la Zone of Cardita, spec, nov 

1 1 Zone of PugnelluSf spec. nov. 
10 Zone of Nummulites granulosus. 

LowRR EocRNii S ^ ^'«*^^'«« limestone. 

LOWER aocENE .^ g ^one of Macrcpneustes speciosus, Dup. 

7 Zone of Gen, nov. spec nov. (Rostellaria, spec* 

Bland.) 
6 Unfossiliferous sandstone. 
S Zone of Ostrea lingua (?) 
Upper Cretaceous ^ ^ Basalt. 

3 Zone of Turrttella, spec. nov. 
2 Zone of Cardita heaumonti. 
\ I Nodular limestone. 

The above sequence differs considerably from that first established 
by Dr. Blanford. In fact it appears that Dr. Blanford mapped 
as Khirthar limestone (upper eocene) a considerable part of the 
limestone which in the above sequence appears as No. 9 below 
the Ranikot-group, 

If we consider the limestone No. g, which Dr. Noetling calls 
alveolina Hmestonei to be an equivalent of my alveolina limestone 
of Baluchistan, the sub-division of the eocene both in Sind and 
Baluchistan is precisely alike, namely :— 

SiNo. Baluchistan. 



Khirthar limestone. 

Ranikot-group. 
Alveolina limestone. 



Upper eocene limestone (Spmtangi. 

Oldham). 
Middle eocene shales. 

Lower eocene limestone (alveolina 

limestone). 



7.— Baluchistan. 

After returning from the Seistan Mission, which Mr. Vredenburg 

accompanied during the season 1898 to 1899 (see 

Mr. E. Vredenburo. * r^ 1 r> ^ % .« . 

last year s General Reporti pages 63^ etc.)^ this 
officer was deputed during the hot months of last year to the Kojak 
range and the Toba plateau in Baluchistan to study the peculiar Kojak 
formation in greater detail and to compare it with the south-western 
extension of it| which he had already met with during his Seistan 
tour. The full report on this survey, it is hoped, will appear when 
some gAps in the geological maps east of this area are filled in and 
when it will be possible to bring out a volume descriptive of the 
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geology of Baluchistan and compiled by the several observers who 
have worked out the details of it. Regarding the Kojak range 
Mr, Vredenburg writes in his official diary : — " * « « i bad 
stated that the broad range east of Nushki, consisting of many 
parallel ridges, which is the southern continuation of the Kojak or 
Khwaja Amran^ consists of two diiTerent systems of strata : the 
western margin of highly cleaved slates with narrow beds of sand- 
stone, and with much vein-quartz, I took at first to be some paleo- 
zoic rock ; afterwards absolutely similar rocks were found to be 
highly metamorphosed eocene. All the eastern portion of the range 
consists of sandstones and shales in which I found no fossils ; they 
are much folded, but neither cleaved nor metamorphosed like the rocks 
along the western margin and contain no quartz-veins. I met 
with similar rocks, always unfossiliferous in several places in the 
desert, and have several times altered by opinion as to their age, 
owing to the disconnected and unmethodical manner in which this 

• 

season's work was unavoidably performed. In the present insta^nce 
a careful examination of the section from Nushki to Kishingi 
showed that the one type of rock passes quite gradually into the . 
other; the slates along the western margin are merely metamorphos- 
ed representations of the shales which constitute the eastern ridges. 
A few bands of limestone with crushed fossils occur indifferently 
in the slates and in the unaltered shales. On closer inspection 
it was found that the calcite veins common in the unmetamorphosed 
shales exist in the slates as well ; the quartz-veins are restricted 
to the slates and are a result of metamorphism. In some portions 
of the Kharan hills, where the rocks were locally less disturbed 
than usual, they assumed the same facies as these shales and 
sandstones, and in this case a few fossiliferous beds contained nutn* 
mulites. It may, therefore, be regarded as established that these 
rocks are eocene ; they owe their peculiar facies to a greater develop- 
ment of the arenaceous element or a dwindling of the limestone; 
they would correspond probably to the Ghazij division ^ of 
Mr, Oldham. Such a conclusion simplifies the interpretation of 
all the regions where these rocks have been observed. The 
same rocks are the only ones I have met with, so far, in the 
Pishin district. I have examined nearly all the valleys that des- 
cend from the Toha plateau to the north-west, north, and north- 
east of Pishin, The rocks are quite similar to those met with 

> Middle eocene, Griesbach. 

E 2 
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between Nushki and Kardagap ; the strata are generally somewhat 
gently undulating, but, just as in the Nushki region, the folds 
become sharper and slaty cleavage sets in as the Kojak range (or its 
northern continuation) is approached. * * At the time of my 
first visit the range east of Kardagap (southern continuation of the 
Ghaziabad range) was cr<^sed along the ' Kurd Barak ' pass, where 
the rocks were almost entirely concealed. On the pres^ent occasion 
I crossed it further south and was able to observe that it consists 
almost entirely of massive nummulitic limestone with some very 
subordinate shale bands. It is flanked by siwaliks on either side." 
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Part III. 

Progress Reports of Officers of the Geological Survey of India 

for the year iSpp^igoo. 



Note on the Auriferous reefs of South and South-East Wainid| Ay 
H. H. Hayden, B.A., B.E., Officiating Deputy Superintend 
denl^ Geological Survey of India. 

During the past few months an examination, on a small scale, 

has been made of the more important reefs in 
^'^'^^n^nV^ahidf' South and South- East Waindd, the general 

results of which tend to show that the majority 
of the reefs are probably too poor in gold to offer any prospects of 
remunerative working ; yet it is possible that one or two may prove 
sufficiently rich to justify mining operations, provided these are 
carried on judiciously and under strictly expert supervision. This 
opinioni however, is given with considerable diffidence, for the scale 
on which the examination has been carried out was so small, as to 
render it a matter of extreme difficulty to arrive at any reliable 
conclusions as to the average value of a given reef. This difficulty 
is intensified by the fact that the gold appears to be most capri- 
ciously distributed. Till, therefore, trials on a considerably larger 
scale have been made, any recommendation as to the advisability or 
otherwise of the resumption of mining operations would seem hardly 
justifiable. Many of the reefs, however, have yielded consistently 
poor results, and of these it may be safely assumed that they are not 
likely to be worth working! but a few have given results ranging from 
over an ounce to a few grains of gold per ton of ore, and these results 
should warrant the undertaking of more extensive investigations. 

Auriferous reefs occur both in South and South-East Wainid.^ 

In the latter area, however, they are by far the 

more numerous, and are to be found chiefly in 

the neighbourhood of D6vdla and Pandalur. Most of these reefs 

J King, Rec. G. S. I., Vol. VIII, a (187s). 
» *f .1 Vol. XI, 3 (1878). 

Brough Smyth : "The Gold Mines of the South-East Wainad and Carcoor Gh&t." (iS8o.) 
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have been re-examined^ but in the present short note it will be 
sufficient to mention only those which have yielded an appreciable 
amount of gold. 

The most important of those near D^vila are found on the edge 

of the gh&t between Sulimalai (Hill) and Nadu- 
gdni, and include those formerly known as 
the Skull, Bear^ Caverui Kurambari and Hamlin's reefs. Of these the 
Skull reef is the only one which has yielded more than a small 
percentage of gold. It was worked to some extent by the Alpha 
Gold Mining Company, and numerous drives and adits are still to be 
seen, though in most cases^ owing to the heavy rainfall on the edge of 
the gh&t| they are more or less blocked up by the falling in of the roof. 

The reef is composed of white quartz containing highly pyritous 
bands of varying thickness^ and it is in these bands that most of the 
gold is found, the white non*ferruginous quartz being alrpost barren. 
The casing, which is formed of a more or less brecciated mass of 
quartz, talcose, and schist, and decomposed iron ores (now chiefly 
limontte or haematite), is also frequently rich, but its thickness is 
usually only a few inches. 

The following list contains the results of a few te^ts made on the 
Skull reef :— 



Number. 


Locality. 


Amount 
cruslied. 


Amount of gold 
to ton of ore. 


Portion of reef 
represented. 


1 


Kurambar ttinoel 
S. E. end. 


aoolbs. 


oi. dwt. ffr. 
o 1 13 


Whole reef. 


a 


Open quarry west 
of Alpha Com- 
pany's bungalow. 


93lbs. 


o o i8'5 


Ditto. 


'3 


No. 9 aHit . 


7lbs.» 


o 13 1 


Ferraginous portion of 
reef, a feet thick. 


4 


Ditto 


6lbs.« 


11 16 


Ditto. 


5 


Ditto 


7lbs.« 


03 s 


Whole reef. 


6 


No. 7 adit . 


7lbs.« 


Traces. 


Ditto. 


7 
8 


Ditto 
Ditto 


6lbs.« 
7lbs« 


17 6-^ 

10 3 


Upper part of reef (one 
feet six inches thick) 
and casing. 


9 


Ditto 


5lbs.» 


4*16 dwU. 


Ditto. 


10 


Ditto 


7lb6.« 


8*93 ». 


Ditto. 



* Taken by * ampling from a mast of about 200 lbs. 
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The results obtained from the Bear, Kurambar, and Hamlin's reefs 

Mrere all small, the highest being from the 
Bear reef. Kurambar reef, z;iir., 4*66 d wts. to the ton. None 

of these reefs have been exploited to any extent by the Gold Mining 
Companies, but the Bear reef was worked by the old native miners, 
who furrowed out small tortuous passages along the reef in order, 
apparently, to get at the casing. A small adit of about 30 feet in 
length represents the only mining done by Europeans. In this adit 
is a small leader — six inches thick— of highly pyritous ore, which 
yielded gold at the rate of 10 dwts. to the ton. 

Hamlin's reef was formerly mined to some extent, but almost all 

the old workings have fallen in. One adit is 
still open, but the reef is not seen in it, a leader 
only having been opened up. This leader is ten inches in thickness 
and contains visible gold. Seven lbs. of quartz from it was taken 
out of a mass of about i5olbs. and yielded gold at the rate of two 
ounces to the ton ; the sample treated showed no visible gold. 

The Kurambar reef has also been opened up by a small adit. 

Two samples of quartz taken from this adit 

Kurambar reeL 

gave— 

1. Trace of gold : from ylbs. of ore, 

2. 4*66 dwts. to the ton. 

The results obtained from most of the other reefs in the neigh- 
bourhood of D^vila were poor, usually about i dwt. or less to the 
ton. 

Of the reefs in the neighbourhood of Pandalur, those on the 
„. . , Richmond and Phoenix Estates have been 

Rtchmond, • j v # 

mined ; the former, which is seen near the 
Richmond tea-factory, has been opened up by an adit about 300 feet 
long, from which small drives have been run along the reef, which 
is here about four feet thick and carries a band of highly pyritous 
ore: the thickness of this band is about one foot. Two samples 
treated gave respectively I oz. 7 dwts. 4*8 grs., and si dwts. of, gold 
to the ton of ore. 

The largest mine in South-East Wain^d is that on the Phcenix 
„. . Estate. The reef has been worked on three 

different levels, and the mine while under 
expert management is said to have paid expenses, work having even- 
tually been stopped by the orders of the Government of India, in con- 
sequence of the frequency of accidents which resulted in the death 
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dl several native miners. The ore, however, appears to be of qtffte 
a low grade, yielding only about 2 dwts. of gold to the ton. The gold 
is very finely divided, but appears to be distributed fairly regularly 
throughout the greater part of the reef, though richer bands with 
much pyrites occur in places. The reef, which has an average thick* 
ness of about four feet, has been proved over a considerable area. 

Veology of South-East '^^e rocks of South and South-East Waincld 
watndd. jj^ij roughly \^^^ seven classes, ws — 

1. The charnockite series. • (Acidt intermediate and basic varieties.) 

2. Hornblendic rocks, associated with the charnockites. 

3. Biotite gneiss. 

4. Biotite granite. 

5. Pegmatite veins. 

6. Younger basic dykes. 

7. Quartz reefs. 

The charnockites form the mass of the Nilgiris bordering on 
^. .._, Wain^d. and are found at various points intru- 

Charnockite, . . ' - • . , 

sive in the biotite gneiss, formmg in fact most of 
the more striking hill masses in South and South-East Wainid. On 
their borders, and apparently connected with them, occurs a series 
^ ^, .. ^ of hornblendic rodSi often resembling old * 

HornbUndic rock, • . , , , , t 

basic dykes, now represented by pure horn- 
blende rocks or epidiorites ; these too contribute some important 
features to the landscape. 

, The biotite gneiss is everywhere soft and highly decomposed. 

In South-East Waindd it is usually more or less 
hornblendic, probably owing to the numerous in- 
trusions of charnockite. It is, as a rule, the country rock in which 
the quartz reefs occur. 

Biotite granite^ strongly resembling the " dome gneiss " of 
^. HazSribagh, occurs at Sultan's Battery and 

Kalpata Hill, and is probably connected with 
the numerous veins of pegmatite found throughout Wainid. 

JXhe pegmatite veins which appear to run more or less at right 

angles to the quartz reefs, t.^., practically 

parallel to the strike of foliations of the country 

rock| are composed of great masses of quartz and felspar with fairly 

large crystals of mica : the only other mineral hitherto indentified in 

them being garnet, which is not common. ^ The 
mica, which is "ruby" mica, is of excellent 
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quality, occurs in considerable masses, and crystals of over 2 feet x 
2 feet have been found. Mining is being begun on a small scale, but 
at the time of my visit amounted to little more than a few scratch ings 
of the surface : but there is good reason to hope that before long 
mica mining will prove an important and prosperous industry in 
Waindd, 

The younger basic dykes have been found only in two localities 

in South Waindd, and consist of fairly fresh 
rocks approaching dolerite in composition. 
In most cases the country rock in which the quartz reefs occur 

is biotite or hornblendic fi^neiss : it is always 

"Country*' rock. , . ^ j^ii.jjx. 

decomposed to a depth of a hundred feet or 
more, and is so soft that it can be readily dug out with a pick, and 
blasting is almost unnecessary. Tunnelling is therefore easy and 
rapid, but this advantage is considerably discounted by the fact that 
the softness of the rock necessarily involves very extensive timber- 
ing. 

Most of the reefs are found cropping out on the edges of the gh&ts 

and can therefore be worked down to a depth 
mtn ng. ^^ several hundred feet by means of adits run 

in from the hill sides. 

Timber is no longer available in the immediate neighbourhood 

of the veins, but could be obtained in larcfe 

Timber 

quantities from the forests at the foot of the 
ghits. 

With the exception of that on! Richmond Estate, all the reefs 

mentioned above are situated near perennial 
streams, and water-power sufHcient to run a 
considerable amount of machinery would be obtainable ; this would 
of course involve the construction of dams. 

Labour, at the rate of four annas per diem, is said to be available 

in large quantities in the neighbouring taluk 
^'^'"' (Erndd taluk of Malabar). 

Much of the road from the nearest port and Railway station, 

Calicut, is in a hopeless state of disrepair and is 
Roads, ^^.^ ^^ ^^ impassable for wheeled tranisport 

duiing the monsoon. The worst portions, however, are being taken 
over by the Government and will probably in the course of a year 
or so be restored to their former excellent condition. 
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So much for the natural conditions, which bear on the question 

of the successor otherwise of mining operations 

in Waindd. One point, however, still remains 

to be considered, via*^ the question of land tenure, and of such vital 

importance is this, that it has seemed advisablei even in the present 

short note, to enter into the matter at some length. 

In South-East Waindd, owners of all lands may be divided roughly 
into two classes, vi>.— 

A. The Government of India. 

B. Owners other than the Government of India. An owner of this latter 

class is termed a " private jaumi." 
In the first case the Government of India is the absolute owner. 
In the second case, the lands are held by the owner or /j iimi subject 
to a tax or rent known as assessment. 

(i) Lands included under class A, t.f., lands of which the Government of India 
is the jaumi» when taken on lease, are subject to the following charges : 

(a) Assessment, paid on the whole or only a portion of the land, at rates 
varying from six pies to two rupees per acre according to the quality 
of the land. 
(6) Jauma'hogum or rent, usually at the rate of eight annas per acre. 

The payment of the above charge is made of course to the 

Government of India. 

(2) Lands held on lease from a private jaumi (class B) are also subject to 
similar charges, vt # .— 

(a) Assissimnt, at the same rates as above, paid to the Government of 

India, by the oceupi$r, whether he be the owner (jaumi) or a tenant 

("patadar»'). 

(b) Jauma'hogum or rent, paid by the tenant or lessee to the private jaumi 

at such rates as may b$ fixed by private arrangement between the 
parties concern etL 

All lands held for purposes of gold mining, whether held directly 
under the Government of India, or on lease from a private jaumi, 
are subject to a Government royalty of 74 per cent, of each;;year*s 
net profits. 

In th'e case therefore of lands of which the Government of India 
is the jaumi, the maximum charges to which they will be subject may 
be estimated at about R 2-8 per acre, plus a royalty of 7^ per cent, on 
the net profits of mining operations, while, on^the other hand, lands 
held under a private jaumi will still be subject to assessment (at a 
maximum of Ra per acre) and a royalty of 7 J per cent, on net 
profits of mining, and, in addition, rents or other charges (such as 
royalties, etc.,) at a rate to be arranged between the private jaumi 
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and the intending lesseci and as most of the auriferous lands of 
South-East Waindd belong to large native landed proprietors, who 
naturally wish to make the terms as profitable to themselves as 
possible, there is some danger that they may refuse to grant leases 
except on prohibitive terms, thereby putting a veto on all mining till 
they can be induced 60 accept more reasonable offers. This danger 
indeed seems imminent at the present time and if allowed to con- 
tinue will seriously affect the new and promising mica-mining 
industry. 



Preliminary Report on the Auriferous tract in the Wuntho District in 
Burma, by G. A. Stonier, A.R.S.M., F.G.S., Mining Specialist^ 
Geological Survey of India. 



During the field-season of 1899 to 1900 I was engaged in investi- 
gating the conditions under which minerals (particularly gold) occvr 
in the district bounded by Banroauk on the north, Kawlin on the 
south, Seu on the east and Pinlebu on the west. I have done as 
much original prospecting as was possible during the time at my 
disposal, but the work was seriously impeded by the want of skilled 
labour with which fb carry out ordinary methods of prospecting such 
as are adopted in America and Australia. 

During the month of February I was employed in detailed pros- 
pecting work, a close study of the Choukpazat lode (underground 
and on the surface), and the survey of several traverses which were 
necessary on account of the incomplete character of the plans sup- 
plied to mCk 

The Choukpazat reef was discovered by Burmans and the outcrop 
-. . was worked by them to a depth of 8 or 10 feet. 

Mr. C. M. P. Wright, who was prospecting in 
the neighbourhood in 1894, came to these old excavations and after 
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a series of tests, he discovered the shoot of gold and commenced to 
sink upon the reef. To illustrate the difficulties connected with the 
preliminary proceedings, it may be mentioned that, at one time, the 
strike of the vein was believed to be north and south, and it was only 
by a considerable amount of work that the direction was found to be 
E. 30° N., and the underlie to be S. 30° E. at 62°. The vein has been 
proved to a depth of 420 feet, though all the slopes are above the 
310 feet level. The length of the vein is 240 feet and the richest part 
of the deposit has been found midway between the north-eastern 
and south-western boundaries. The thickness varies from two 
inches to ten feet and averages about three feet six inches. The 
veinstone contains 14 dwts. of gold to the ton of stone and consists 
chiefly of a compact quartz, generally white in color, but in places 
banded with black streaks which are roughly parallel with the walls 
of the vein and show very clearly by candle-light in the mine. The 
quartz varies considerably in character and below the 310 feet level 
is associated with calcite : in places it is devoid of an accompanying 
mineral, but in other parts of the vein there is so much galena, copper 
pyrites and iron pyrites present that the ore has the appearance of 
a complex copper-ore. 

The free gold is fine, irregular in occurrence and is most abundant 
where altaite ( telluride of lead, tin-white in color ) is present : it is 
frequently associated with copper pyrites and is visible at the 310 
feet level. Unless the character of the stone be known, a heap of 
milling ore may be examined without a single ''specimen" being 
discovered : under the circumstances it is needless to add that miners 
do not steal specimens. 

The footwall and hanging-wall are sometimes well defined and 
the latter is polished and occasionally striated. '* Horses " (1 ^., in- 
cluded country) are of common occurrence and hs^e been found to 
carry payable gold. " Breaks'^ are met with in the fcotwall and less 
frequently in the hanging-wall. 

The vein is cut off on the south-western end by intrusive felsite(?), 
a description of which must await microscopic examination. The 
vein thins as it approaches this rock and passes into a small 
mullocky vein at the junction of the intrusive and intruded rocks. 
At the north-eastern end the lodestuff appears to be cut off at the 
outcrop by a fault, but in the Main Adit (94 feet level) there is no 
sign of a fault, and the vein gradually thins until it cannot be traced 
even as a division-plane traversing the country. Below the Main Adit 
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the levels have not been extended in a north*easterly direction from 
the main shaft, which latter is wholly in ore. It is of considerable 
importance that the mine should be proved, not only in depth, but 
also in the horizontal direction indicated. 

Attempts to trace the extension of the view, beyond the aurifer- 
ous shoots, have failed both in a north-easterly and south-westerly 
direction. 

Specimens sent by Mr. Wright from the hanging-wall at the 
310 feet level have been examined by Messrs. Middlemiss and 
Holland, both of whom report it to be a "pyroxene rock/' I think 
that both the hanging-wall and footwall belong to the series in which 
are the tuffs, a series largely developed in the district. The rocks 
have the general appearance of sediments, although it was impossible 
to obtain evidence of their sedimentary origin— the sections are poor. 
In some respects the rocks resemble a thick series of tuffs, breccias, 
etc., of devonian age which I discovered at Bingera (New South 
Wales), and in the absence of palaeontological evidence I should 
consider the Choukpazat rocks to be as old as the Australian beds 
referred to. 

Within 75 yards of the outcrop of the Choukpazat vein, intrusive 
diorite has been found : a specimeni selected by me, has been 
examined microscopically by Mf. T. H. Holland. This rock can be 
traced in a northerly direction along the Choukpazat Stream as it 
is found at intervals for a distance of one mile. 

A mass of diorite occurs at Shintha, four miles north of Choukpazat 
village, and appears to be on the same line of disturbance. Taking 
into consideration the wavy line of junction, the occasional 
(perhaps even frequent) alteration of the tuffs, at the junction, and 
the thin tongues of diorite penetrating the tuffs, there is no room for 
doubt that the diorite is of later age and intrusive into the tuffs. 

The evidence for the relation of the felsite to the tuffs is not as 
satisfactory but is, I think, sufficient to establish the intrusive 
character of the felsite. At about one mile south of Choukpazat 
village a good section is seen : porcellanites rest vertically on felsite 
which latter is indistinctly schistose in places. 

The mode of occurrence of the quartz and its association with 
calcite show that the quartz, occurring in the veiui is not interbedded 
but is younger than the enclosing rocks and has been deposited from 
solution. The question will be more fully dealt with in a subsequent 
report. 
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Half a mile in a northerly direction^ a quartz reef (parallel to, 
and in the same country as the Choukpazat vein) has been discovered 
but has not been prospected. 

Nine hundred yards to the north*north*east two quartz veins have 
been found. Onei known as the Peregrine, has been cut by an adit 
136 feet long and a level is being driven N. 10^ W. in a direction 
along the vein which varies from 12 to 16 inches in thickness: a 
quantity of ore has been raised and awaits treatment. Seventy yards 
west-north-west of the Peregrine adit, a vein known as the Masheeboo 
has been cut in a level driven 24 feet S. 51^ E.and N, 51° W. from 
an adit ninety-five feet long. The reef is seen only in the western 
end of the level and varies from an inch to a foot in thickness. A 
parcel of ore is being raided. 

The mill is situated on the Nevalabo Choung, one mile north of 
Choukpazat village, and consists of a ten head stamps battery 
(75olbs. stamps, 7 inch dropi 92 blows per minute, *o2 inch screens) 
with ordinary amalgamated copper plates and two small shaking 
tables : nine dwts. of gold per ton are obtained by amalgamation. 
Concentrates are collected on two Frue Vanners and are being 
stored with a view to the erection of a suitable plant for their treat- 
ment. The tailings contain 3 dwts. of gold per ton : a small cyanide 
plant is being erected to deal with. them. The following table illus- 
trates the method :— 



Orb. 
I 

Free gold. Concentrates. Jailings. 

Amalgamated in Sorted aod awaiting To be treated by 

the boxes of the treatment. a small cyanide 

battery and on plant in coarse 

the copper plates. of erection. 

There is no doubt that free gold will be found in the auriferous 
shoots at greater depths than 420 feet to which the Choukpazat 
vein has been proved. This feature is of importance because it 
means that a fair percentage of the gold in most of the workable 
lodes can be extracted by the aid of simple machinery. Only one 
complete plant is necessary for the district, and the concentrates 
from the smaller mines could be sold on assay value to the owners 
of the larger plant. There has not been as favorable an opportunity 
as the present for the development of small mines : a comparatively 
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small addition would make the Choukpazat plant suitable for the 
^ purpose indicated. 

v"^ Eleven miles north of Choukpazat an area is being prospected by 

^ . Mr. N. Lazarus. Several quartz veins have 

been discovered and a level thirty-four feet in 
T length has been driven along a reef bearing north-west and heading 

10 degrees to the south-west* The reef varies from 15 inches to 
\. 2 feet in width, is well defined and worthy of exploitation. The 

other veins, referred to, have not been prospected. 

The two properties described in this report are the only places 
. where work is in progress, and as will be seen 

from my remarks only one payable vein has 
been found up to date.^ 



^treik 



A ^ 



Preliminary Report on the Rampur Coal-field, by G. F. READER, 
F.G.S., Mining Specialist^ Geological Survey of India ^ 

la 

-^ The part of the Rampur coal-field which has been examined this 

field-season (December 10th 1899 to February 
a exam . ^^^j^ 1900) is shown On the map (dated 1875) 

as lying between parallels 21® 45' and 2£® 51' and meridians 83? 50' 
and 84° i'. 

The previous writers on this coal-field are ;— 

o . «. . ^^' ^' Ba"» l^ec., Geol. Surv. of India, 

Previous Writers, -ir t ••• . " -r^. «■«» »»■. «^ ^ . 

Vol. viii, pt. 4; Dr, W. Kmg, Rec, Geol. 
V Surv. of India, Vol. xvii, pt. 3, Vol. xviii, pt. 4, Vol. xix, pt. 4, Vol. xx, 

pt. 4. 

1 Since the above was written, Mr. Stonier has discovered a quartz reef with payable ^Id 
about 14 miles north of Baumank. The reef consists of quartz, is nine inches in thickness and 
where tested it contains 9 dwts. of gold per ton of ore. There is also about 2 per cent, of 
copper in the form of chalcopyrites. 
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One thick band of carbonaceous shale with coal-bands interbedded 

and several minor seams were disclosed in the 
tencut tt ory. Lillari stream. As the result of surface explora- 
tion in this area, and evidence deduced from bore-holes put down io 
the Lillari valley under his directions in 1S84 ^^ 1886, Dr. King says, 
*' I am reluctantly compelled to recommend its abandonment." In a 
later Report (Vol. XX) Dr. King, not considering the evidence of 
bore-hole samples sufficiently trustworthy, advised sinking a pit near 
Chowdibahal. The general results of these investigations were, 
however, considered unfavourable, and no further action was taken in 
prospecting for coal until the discovery of a seam of coal under the 
site of the Eeb bridge on the BengaUNagpur Railway. On this 
discovery a grant was made by Government to the Bengal-Nagpur 
Railway Company to explore the coal area round Telanpali. For 
this purpose five bore- holes and one shaft were put down. I have 
marked four bore*holes and the shaft on the annexed sketch-plan of 
the area. One bore-hole I have not been able to locate on account of 
the inaccuracy of the map. The general result of this exploration 
(by the Hengal-Nagpur Railway Company) was not encouraging, but 
on the report being submitted to Mr. Griesbach, he advised the 
deepening of bore-hole No. 4 (K4 of map) until undoubted Talchir 
rocks were struck '* not being satisfied that the lower measures of the 
Barakars (which usually contain the best coal seams) " had been 
sufficiently proved. In pursuance of this opinion Government sanc- 
tioned the work of carrying the boring to a depth of 400 feet and 
subsequently to a depth of 600 feet. At a depth of 347 feet a seam 
of coal 7' 9" thick, with a 6' band of stony coal in the middle, was 
struck, then for a hundred feet a remarkable succession of alternating 
bands of thin coals and shales were encountered, and the remaining 
37 feet passed through '* fine-sandstone "—the hole being stopped at a 
depth of 485 feet in this sandstone before reaching the Talchirs. 

This boring result was deemed by Mr. Griesbach sufficiently 
encouraging to advise going pn with the work for another 100 feet 
or so, unless the crystalline rocks were struck at a lesser depth. 
The boring contractors pointed out that the cost of drilling to this 
depth would be very great, and Mr. Smith was deputed to visit the 
spot to ascertain whether it could be regarded as reasonably certain 
that two borings to a depth of 500 feet would give the same infor- 
mation as one to a depth of i^ooo feet and if strong evidence existed 
in favour of this conclusion, to mark the exact position at which the 
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second bore-hole should be drilled with reference to the one under 
discussion. 

The examination did not answer this question and it was consi* 
dered a better plan to select a site near Dhoramuda, practically at 
the top of the Barakars, and bore through the whole thickness to 
the Talchirs or Crystallines as the case might be. Had the coal- 
field been previously laid down on an accurate map I venture to 
think that such site would not have been chosen, since it would 
have been evident that at that point the thickness of measures 
would be nearly if not quite double what they were anticipated to 
be. However a bore-hole was put down here to a depth of 828^ feet 
only which passed through several shaly coal seams (not one work- 
able) finally stopping in the zone of Barakar Rocks exposed in 
the LiUari nala near Piplimal, several hundred feet above the top 
(geologically speaking) of the Kodopali boring (No. 4) and only 
proved the ground already proved by Dr. King in his Nos. i, aa, 3, 
4y 5 and 6 bore-holes. It will therefore be seen that the lower 
measures of the Barakars have not been proved as was intended. 

The object of this survey was to reconcile as far as possible 

previous apparently conflicting: data and as- 

Objfct of pris^nt survey m . . 

certain the probability of existence of a work- 
able seam or seams of coal. My first endeavour was to establish a 

working vertical section from exposures in the 
Lillari valley for correlation with parallel sec- 
tions in the Eeb river and Bichwa nala, and to enable me to fix the 
horizons of the seams discovered in the various bore-holes in the 
course of this preliminary work, I was forced to the conclusion that 
the topographical sheet was not sufficiently accurate for recording 
geological observations. I was therefore compelled to re-survey the 
whole area topographically and as a consequence geologically too. 

For the purpose of this Progress Report I will confine myself 

to the economic resources of the field, leaving 
cope oj repor . ^^^ ^^^^ upon which the geological map is 

based for my final report. 

Work was commenced in the Lillari nala and as complete a work- 
ing section as possible was established from 
B,HmaiB of thickness. surface observations, from the Talchirs up to 

the Kamthis. On the evidence of this section alone I should place 
the thickness of the Barakars at about two thousand feet. There is 

F 
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a great difference between this figure and those of previous writers. 
The inaccurate map previously used will account for some of it, but 
even then I fail to understand why so low a figure was assumed. 
I have not| however, been able as yet to make use of the evidence 
deducible from Dr. King's bore-holes in the Lillari valley, since no 
information is to hand of their exact positions. 

Four carbonaceous bands were met with in the Lillari nala (see 
Seams in the UUmH plan R\ R«, R», R*) near Darlipali, Bonjari. 

^^^ Khaliabahal, and Dhoramuda Gh&t. Small pits 

were sunk into these outcrops and the following sections 
obtained :— 
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It will be seen that none of these bands contains coal of work- 
able thickness. Nevertheless samples of coal were extracted from 
each band and tested. The result was indifferent in each ease, the 
average ash exceeding 35 per cent. 



General Report for iSgg^tgoo. 87 

On the result of these holes, however, I do not feel justified in 
condemning these seams. It is highly probable that some change will 
be found to take place in their quality to the east and west and to 
the dip of the point proved. 

My next intention was therefore to get a correlative section in 
the Bichwa nala— marked on the Topographical Survey map as 
flowing more or less parallel to the Lillari nala^ and about a mile or 
a mile and a half to the west of it — to see how these seams varied 
in quality and thickness, etc., to the west and to get some idea as to 
the nature of the ground intervening. I was very much disappointed 
on finding that there is no Bichwa nala, nor any other stream 
flowing towards the south ; indeed the water from the hills ranging 
from Burtab to Sahujbuhal flows to the east into the Lillari. 

By this time, however, my new plan was beginning to show the 

nIw pian and deduce topographical map more incorrect than I had 

tions. thought, and it became evident that opinions 

based on work done on this map must require reconsideration ; in 

fact, the correlation of the Eeb Bridge and Durlipali seams did not 

appear plausible. ' 

I then turned my attention to the neighbourhood of the Eeb 
Miodi' nai river and the nalas flowing into it on the right 

bank and the Bonnm nala on the left bank. Com* 
mencing near the source of the Modlia nala diligent search was 
made for some shale or coal seams to correlate with the Bongasi 
and Khaliabahal beds. In its upper reaches the Modlia nala gives 
many rock sections, and I was therefore at a loss to understand why 
some carbonaceous shale or coal beds were not met with. The dis- 
covery of what appear to be Talchir shales, however, further down the 
stream proving, in such a case, a down throw fault to the east, 
explained this and at the same time showed that representatives of 
these carbonaceous shale beds must be sought for much further to 
the west and north than this report is dealing with. 

Attention was then directed to the Eeb river, and here I was 
„ . ^^ ^ successful in unearthing, as anticipatqd, coal 

outcrops (correlating with the Eeb Bridge seam) 
at two points — R', R"— of great moment in that they will materially 
aid in solving the field— approximately i} and 3 miles down the 
river from the bridge. 

F 2 
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Holes were put down at these points and also at Lumchibahal Bridge 
(R ^)| where curiously enough, the same seam, I believe, was proved 
on the same day— I thought then for the first time, but subse^ 
quently found it was not so. 

The sections, as deep as the pits could be taken with the labour 
at hand, are- 
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Laboratory and also large scale tests were made with the follow- 
ing average result : (Moisture 97o> vol. m. 1 7°/oi ash (red and white) 
1 5^^ variable, and fixed carbon upwards of 51 7o* Seven maunds 
of coal taken from the lower parts of the Rampur seam gave 12^7^ 
of reddish ash— one little bit formed a clinker. Generally, the coal 
may be said to be of fair quality, parts very good, ignites freely, and, 
except that one bit clinkers, open-burning, suitable for steam 
purposes and of workable thickness. 

It may, I think, be safely assumed that this is the Eeb seam. 
Such being the case the outcrop of this seam is seen to be duplicated, 
and this point itself is almost sufficient to prove the existence of a 
down throw fault (and to a certain extent locate it) to the east, 
since the seam dips to the west. In addition to this evidence, 
however, the occurrence of Talchir shales in the Modlia nala, the 
positions of the basement white Barakar sandstones on both sides of 
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the Eeb Bridge and at Telanpali, the absence of coal in the No. i 
bore-hole of the BengaI*Nagpur Railway Company (K' on map) and 
the presence of a spring near Rampar are sufficient to warrant the 
assumptioni and determine the line of a down throw fault to the east 
as shown on the plan . 

Upon what grounds the Eeb coal seam has been identified with 

the Durlipali shale bed I do not know, but 
HonMfm oftht Seb J am Certainly not of that opinion and indeed 

Bridge seam, ,.,• ,Vi. . i. 

thmk that the Eeb seam is the lower by some 
200 to 300 feet If the exact position of the bore-holes put down by 
Dr. King in the Lillari valley and also that of the Bengal-Nagpur 
Railway Company, ' No. 3 ' can be ascertained^ this point could, I 
think, be settled beyond doubt. 

In conclusion I would like to add that further action in this area 

' should be directed towards the immediate ex- 
ploitation of the Eeb coal seam and the comple- 
tion of bore-hole No. 4 (K* of map) down to the Talchirs. At the 
same time the Bonjari and Khaliabahal beds might be followed up 
to the west and north, for, as I have before stated, it is not improb- 
able that these beds will improve ; and here it is necessary to add 
that such further exploration cannot be carried out in a satisfactory 
manner unless accurate topographical maps be supplied upon which 
data already known can be mapped and deductions drawn there- 
from. 



Preliminary Report on the Sohagpur Coal-field, by G. F. Readbr, 
F.G,S., Coal Specialist ^ Geological Survey of India. 

In Volume XXI, Part 3, of the Memoirs of the Geological Survey 
of India, Mr. Hughes describes the above coal-field, and records the 
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existence of the coal seams which came under his notice, and ^t the 
same time he makes such observations on each seam a)3 his prelimi- 
nary investigation would allow. The present 
survey is intended to collect more practical 
details of some of the most promising seams mentioned by Mr. 
Hughes, and of other seams encountered during its progress. 
On page 46 of the Memoir referred to, Mr. Hughes states :— 
'* The main seam comes to the surface between Bargaon and 
Kelhauri, once in the Jamuniai thrice in the Son, frequently in the 
Bag^ha, and twice in the Nargkra seams. It covers a large and 
easily workable area or either side of the S5n, and it can be picked 
up along its strike for a distance of 10 miles. It is the seam * par 
excellence ' of this part of the field." 

On such a prescript I pitched my camp at Burharand and com- 
menced operations in the neighbourhood of this 
seam. In amplification of the above abstract, I 
am now in a position to say that a good seam of workable coal * 
crops out near Amlei in the Bag^ha nala and also about a mile further 
south-west in the same nala. It dips ^bout 3^ to the north-west, 
and to judge from its strike, I am at present inclined to think that it 
may be correlated with a seam exposed in the Son 7 miles north- 
east of the Amlei exposure and i) miles north-east of Bokahi. Tlie 
section of the seam is :-« 



Amlei seam. 



At Amlei. 






In thb S5n. 






Ft. 


in. 




Ft. in. 
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If these seams be correlated it will be seen that a thickness of 
15 feet 5 inches of carbonaceous matter at Amlei (containing 13 feet 



General Report for iSgg-tgoo. 



71 



8 inches of good coal) is represented by 4 feet 8 inches of coal in 
the Sdn, In such case, whether the decrease in thickness is due 
to splitting up or actual thinning out, remains to be proved. I favour 
the former suppositioui and indeed think that a further search in the 
S5n will reveal the upper part of the Amlei seam. The analyses 
made by Sub«Assistant Hira Lai gave the following results: — 



Moisturt • 
Volatile matter 
.Fixed tarbon 
Ash 






Amlbi Bokahi 

BAOfiHA. SON. 

5*2 per cent. Nominal. 
22*2 " a7'4 

57*2 610 

iS'4 ii'fi 



The calorimeter and large scale tests confirm these results — the 
evaporative power of the former exceeding 12*5 and the latter i2'9 
when conducted on general samples (not dried). It is a free burning, 
non-clinkering, hard coal^ and suitable for steam purposes. 

The next most productive coal-bearing band strikes from south 
of Sabo in the Bag6ha nala up the stream to north-east of Ohanpuri 
in the Nargara nala. Several pits were sunk along this strike and 
the following sections obtained : — 
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South of Sabo in tributary of 


Bag^ha Nala. 




Ft. in. 
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South of Sabo in BaoCha Nala. 

2' o* Sandstone. 

%' o" Micaceous sandstone. 

. Carbonaceous shale. 

. Coal. 

• Carbonaceous shalt. 

• Hard coal, 

• Carbonaceous shale. 

• CoaU 

• Carbonaceous shale. 

• Hard coal. 
, Coal, 

• White sandstone. 

Whether the above sections (Dhanpuri, Jhagraha, and Sabo) 
represent two or three seams, I am not yet in a position to state. 
Reasoning from the dip and strike of the measures the Dhanpuri 
section is the outcrop of one seam and the Jhagraha and Sabo 
sections the outcrop of another seam. Taking the sections and 
qualities only into consideratioui however, there appear to be three 
seams, f.^., Dhanpuri, Jhagraha, and Sabo sections ; each represents 
a different outcrop and as such I prefer to treat of them. 

The Dhanpuri seam presents a most tantalizing section to a 

practical man : two bands of coal, each only just 
anpur s»a . thick enough to be comfortably workable with 

a band of shale in the middle, and a clay shale roof. The ques- 
tion how to work this seam might well be asked by an examining 
Board in England — if the Board itself could agree as to what the 
answer should be. If, however, its section is half and half, so to 
speak, its quality is a little better. The average analysis of a 
general sample is:— 



Moisture . • 
Volatile matter 
Fixed carbon • 
Aih : (clinkers) 



/percent. ^ 
25 » » L 
53 >» »> I 
15 >* n J 



Evaporative power 
approximately 12* 
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The Jhagraha scam certainly presents at its outcrop a fair work- 
able section and the coal looks good. To my 
y agra a seam. surprise, however, large and small scale tests 
gave very bad results : average ash percentage is 49, calorific 
power 5153 calories or 9*9 evaporative power. 

The Sabo seam presents a better section than the Jhagraha and 

as regards quality also it is a good seam. Its 

Sa6os9am. ... 

analysis gives :— - 

Mdsture. • • • 1 per cent. '^ 

Volatile matter • . 31*4 „ f Evaporative power 

Fixed carbon • • • 60*8 „ \ 127 per cent. 

Ash (little clinker) . • 16*8 „ J 

100 



In addition to the above at least three other seams deserve 
mention. One, half a mile east of Bargaon 3 feet 8 inches thick ; 
one, in the B^kan nala, 600 yards from its junction with the S5n, 4 feet 
4 inches thick ; and one, near Rampur, in a tributary of the Katna 
river, 5 feet 6 inches thick, with a band of shale in the middle. 

Tests have not as yet been made on these. Their thicknesses 

are workable and preliminary experiments point 

ether seams, \ r • %». 

to a fair quality. 
Summary^ — In descending order the seams appear to come as 
follows :— 

Sabo (in Bag^ha nala). 

Jhagraha ( Ditto ). 

Dhanpuri (Nargkra nala). 

Amlei-Bokahi (Bag6ha and Son). 

Bargaon-Kelhauri. 

Rampur (tributary of Katna). 

Bakan (Bakan nala near S5n). 

Of these the Sabo and Amlei-Bokahi have given workable thick- 
nesses and very fair qualities. ^ The Jhagraha and Dhanpuri seams 
have not given satisfactory results, but may be found on further 
exploitation to improve in quality and section respectively. The 
Bargaon-Kelhauri, Rampur and Bakan nala seams give workable 
thicknesses and preliminary experiments point to fair qualities. 
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I. — Introductory. 

The tract of the country described in the present report is that 
portion of the northern Shan States which lies along the line of rail- 
way now under construction between Mandalay and the Kunlon 
ferry on the Salween ; that is, between the 22nd and 23rd parallels 
of north latitude and extending from about the 96th to a little beyond 
the 98th degree of east longitude. This route had been traversed 
before by Dr. Fritz Noetling, who in 1890 visited and reported on the 
coal-fields of Lashio and the Nam Ma valley in the eastern portion of 
the area«^ Dr. Noetling proved the presence of lower silurian 
rocks near the western edge of the hills, between the 22nd and 26th 
miles on the cart-road, then being constructed from Mandalay to 
Lashio, and described some of the fossils he obtained from them in a 

^ Records, G. S. L, Vol. XXIV, Pkrt a, p. 09, 
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short paper in the Records} The most important was a gigantic 
form o{ the cystidean Echinosphserites^ to which he gave the name 
of E. Kingi. I had a great advantage over Dr. Noetling in being 
able to avail myself of the numerous cuttings along the railway, 
which for the greater part of the distance runs close to the cart- 
road. Moreover, I was not hampered with considerations of economic 
geology, but was able to devote myself entirely to the working out 
of the stratigraphy along the routes. Consequently I was able to add 
considerably to the number of localities in which fossils are obtainable^ 
and to prove the existence of a series of palaeozoic formations in addi- 
tion to the lower Silurians discovered by Dr. Noetling. When I left 
the line of the railway, however, and attempted to penetrate into the 
country on either side, I experienced the same diGBculty as Dr. Noetling^ 
in finding outcrops of solid rock. The enormous thickness of clay 
derived from the weathering of the prevailing limestones, with which 
the rocks are covered, is well seen in many of the railway cuttings. 
Cliil sections are rare^ and the rocks forming them are often concealed 
by masses of stalactites, while the rocks in the beds of the streams 
are nearly always concealed by a coating of calcareous tufa, deposited 
by the lime-laden waters, and often several feet in thickness* 

The physical features of the hills have already been described by 
Dr. Noetling in the report published in Vol. XXIV of the Records, 
Geological Survey, above referred to.* Since I follpwed the same 
routes I have nothing to add to his description. Further detailed ex- 
amination of the country to the north and south of the railway, with 
the help of more accurate maps, and on a larger scale than those now 
obtainable, is required before the orography of the district can be fully 
discussed. 



II. — List of formations and fossil localities. 

The formations met with along the railway and cart-road between 
the foot of the hills at Sedaw and the Salween at Hsopket, east of 
Lashioi are the following, in descending order :~- 

^ Records, G. S. l.» VoU XXUI, Part 2, p. 78. 
* p. 101 • 
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It is very seldom, indeed, that the actual contact between any 
two of these formations cam be seen. Everyone of the beds, 
from the red sandstones downwards, has been greatly crushedy 
folded, and faulted and the dips often vary considerably both in 
direction and amount within the space of a few yards. Thus it 
is impossible to say whether the beds mentioned above form a 
continuous conformable sequence or not. There are some indica- 
tions of an overlap of the upper silurian limestones (No. 7) on the 
underlying formations, though there is no direct evidence of an 
unconformability. Thus the black graptolite shales of Zebingyi 
(No. 6) were not found anywhere to the east of Maymyo, though 
the trilobite beds (No. 5) which underlie them in the Zebingyi 
sections are found immediately beneath the white limestones in the 
Gokteik gorge, and again still further to the east near Pyaunggaung. 
It is quite possible, however, that the graptolite beds were originally 
merely a local deposit. 

Generally speaking, there is a distinct zonal arrangement of 
the different formations, the oldest occurring along the western 
edge of the hills, while as we proceed eastwards newer formations 
are successively crossed. The general strike is between N.-N.-E. 
and E.-N.-E., but it varies greatly within short distances. This 
is also the general direction of the railway and cart-road, so that 
they often run for several miles on one and the same formation. 



HI.— Description of formations. 

I. — Sedaw limestones. 

This is the " Mandalay limestone " of Noetling, but I am not at all 
sure that the limestone which forms the Mandalay hill and other 
isolated hills^ in the Irrawaddy valley, between Mandalay and the 
edge of the Shan plateau, is the same as that found on the steep 
ascent from Sedaw. It is possible that the limestone in the plain 
belongs to a much higher position in the series, but in the absence 
of recognizable fossils it is impossible to be sure of this. The 
Sedaw beds consist of hard dark blue or grey limestones in 
thick beds,^raversed by numerous veins of white calcite, greatly 
crushed and folded. In the railway cuttings on the zigzags above 

G 
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SedaWi sections of bivalves, gastropods^ and crinoid stems are 

common on the weathered surface of some of the beds, but cannot 

be extracted in a sufficiently well preserved condition for identic 

ii cation. 

2.-^ Red crinoid teds. 

These consist of dark red calcareou^ shales greatly crushed, 
and traversed by numerous gliding planes, sHcken -sided surfaces 
being very common, with veins of calcite running through them 
in all directions. Everywhere they contain scattered joints of 
small crinoid stems, usually not more than | or i inch in diameter» 
but rendered conspicuous by the contrast of the white calcite of 
which they are composed, with the dark red colour of the rock. 
Hand specimens showing these crinoid stems resemble very closely 
the red crinoid shales at the base of the carboniferous series in the 
Central Himalayas,^ but the latter are undoubtedly newer than 
upper Silurian, while these are lower Silurian. It is in these beds 
(called by Dr. Noetling the Pyinsa group), that JEckinosphserites 
Kingi^ described by him in Vol. X2iIII, Part 2, of the Records^ is 
found, but it appears to be very local in its occurrence ; and although 
very good sections of the red crinoid beds are exposed in the 
railway cuttings above Sedaw, I did not come across a single 
specimen of it. Fragments of Orthoceras are also found in these 
beds and are locally numerous. 

2^'^Nyaungbaw beds. 

The red crinoid beds pass upwards into a considerable thickness 
of flaggy limestones in regular layers, separated by bands of 
clay or shale. Occasionally the latter are somewhat carbonaceous. 
Fossils are fairly numerous in places, and consist mostly of 
Orthoceras and other cephalopods, generally in fragments, crinoid 
stems, and fucoid impressions. Near the village of Nyaungbaw, 
at mile 22 on the Lashio cart-road, Mr. Datta found some fairly 
well-preserved specimens of crinoids showing portions of the calyx 
and arms as well as fragments of the stem. These are associated 
with Orthoceras and appear to be quite local in occurrence. I 
could not find them in the cuttings along the railway, where these 
beds are very well exposed, but at ihe nineteenth mile Orthoceras 
'^'•'^urs in considerable numbers. 

I Griesb^hy Mem. G. S. 1., Vol. X%IU, p. 61. 
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d^.-^Naun^kangyi beds. 

In the railway cuttiirgs below Zebingyi the beds just 
described are followed immediately by a bed containing 
upper Silurian fossils, but in the Gokteik gorge^ a long way 
to the east^ another outcrop of lower siliirian beds is found, 
which is not represented to the west of Maymyo, though it occurs 
in the hills a couple of miles to the north of that place. The beds 
consist of a considerable thickness of grey calcareous sandy shaleS| 
with bands of limestone, sometimes weathering into soft, reddish 
yellow, sandy shales. They contain great numbers of casts of 
OrthiSy Strophornenas^ etc., with single plates of cystideans, some 
of which resemble very closely Mimocystites hohetnicus (Barr.), 
from the stage D* (=Bala or Caradoc) of Bohemia.^ The manner 
in which the casts of Orthis are matted together on the surface 
of the slabs, and the general appearance of the rock, reminds one 
very strongfy of the Caradoc beds of Shropshire. 



Zebingyi beds. 

$.'^TrUobite beds. 

In the neighbourhood of Zebingyi the flaggy limestones of the 
Nyaungbaw series are followed by soft, yellow, sandy beds with 
nodular bands of limestone, containing large numbers of Orthoceras 
and fragments of Trilobites^ with a few small lamellibranchs and 
braclnopods. The Trilobites are not very common and are generally 
badly preserved. In the Gokteik gorge similar beds occur con- 
taining heads of Eucrinurus punctatus^ east of Or this and Petraia* 

t.— Graptolite beds. 

These consist of black calcareous shales with bands of hard 
dark grey or black limestone containing large numbers of 
GraptoliteSi all of the monoprionidian order, though they are 
frequently so crowded together on the surface of the rock, that it 
is difficult to make o^t whether double forms occur or not. A small 

^ BtrrKnde, Syst. Silur. de Boheme, Vol. VII, pi. 28. 
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Teniaculiies closely resembling T. elegans^ Barr.,* is very com^ 
moB and is a most useful fossil in tracing out the distribution of these 
beds, for it appears to be almost entirely confined to this horizon 
*and is not easily destroyed by weathering, so that it can be 
recognized even in outcrops where the rock has been reduced to 
a soft clay. 

The graptolite beds are only a few feet in thickness and occur 
only in this section west of Maymyo« 

T.-^Maymyo beds. 

The graptolite beds are followed by massive white limestones/ 
always characterized by the presence of a considerable amount of 
siliceous material ; in fact, the rock is sometimes rather a calcareous 
sandstone than a limestone. These rocks may be traced almost 
continuously from near Thcndaung ( Waboye) station about eight miles 
west of Maymyo to the Sa]ween,**a distance of nearly 200 miles. 
They are not very fossiliferous, but casts of small gastropods and 
a lamellibranch, probably a Pterinea, are numerous in some places, 
and help considerably in identifying these rocks in the small 
outcrops, which are often all that can be seen of them protruding 
through the thick covering of red clay. In a few places beds of 
argillaceous shales resembling Fuller's earth are found among these 
limestones, but I could never find them in actual contact ; so that I 
could not discover whether the shales occur at any particular horizon 
in the limestones, or not. These shales contain a fairly rich fauna 
including a small Ltngula, many bivaies, and a fossil that looks 
like a Theca or Hyolithes^ but none of them appear to be very 
characteristic. They may be either uppermost silurian or perhaps 
devonian. 

The thickness of the limestones must be very great. They form 
the great precipices seen on either side of the Gokteik gorge 
and many lofty scarps in the neighbourhood of Lashio, but they are so 
much cut up by faults that it is impossible to form any estimate of 
their true thickness. 

8. — Kyinsi beds. 

The white limestones are succeeded by a band of shales of no 
great thickness with concretionary masses of hard blue limestone* 

> Barrande, op. cit.. Vol. HI., pi. 14. 
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Both shales and limestone are highly fossiliferous, but in the latter 
the fossils only appear as sections on the weathered surface of the 
rock and complete specimens cannot be extracted. In the shales, 
on the other hand, the fossils can be easily extracted and are of 
great variety. Among lamellibranchs a Pecten is very common, 
and a small Conocardium occurs. A small gastropod^ probably 
Murchitonia^ also occurs in large numbers. The fossils collected 
have not yet been specifically determined, but it seems probable 
that the beds are devonian* They contain no typically silurian 
or carboniferous fossils, so far as I have been able to judge from 
a cursory examination, nor can any of them be referred with certain- 
ty to the mesozoic period, though I thought, when I first discovered 
them, that the beds might possibly be Jurassic. The presence of 
Conocardium seems to point to their being upper palaeozoic. 

^.^■^Namyao beds. 

The shales just described are followed by a great thickness 
of red beds, consisting of rapidly alternating layers of sandstone 
and shales or clays. These beds were described by Dr. Noetling 
as " red sandstones of undetermined age." They apparently rest 
conformably upon the grey fossiliferous shales near Kyinsi, but to 
the east of this the latter appears to be absent, and the red beds 
rest upon the white limestones (No. 7). Excellent sections of them 
are seen in the railway cuttings along the Namyao valley, between 
Hsi Paw (Thibaw) and Lashio, but fossils appear to be very rare. 
I obtained a few from one locality near the junction of the Namyao 
with the Nam Ma, but all are in a very fragmentary state, and none 
of them, I am afraid, can be specifically determined. They resemble, 
however, to some extent, the fossils from the grey shales below, and 
it seems probable that these and the red beds belong to one series. 
If this is the case, the whole of the mesozoic period is quite unrepre- 
sented in the portion of the hills traversed by the Mandalay-Kunlon 
Railway, for the only rocks that occur on this route, higher than the 
red sandstones, are of tertiary age. Some of these red sandstones 
form an excellent building stone. 

* 

10,-^Tertiary formations. 
The tertiary system in the northern Shan States, with the 
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accompanying coal seams, has been described in detail by Dr. Ncfetling.* 
The route which I followed did not cross these beds anywhere. They 
seem to be entirely confined to the river valleys and to be of very 
small extent. No doubt when the railway is opened to Lashio the 
coal will be made use of to some extent, though it is doubtful whether 
it will be worth exploiting on a large scale. 



n.'-^Recent formations. 

The chief superficial feature of the plateau, from a geological point 
of view, is the thick mass of clay, generally bright red in colour with 
which, practically, the whole of the country is covered. It has main- 
ly been derived, in all probability, from the weathering of the lime- 
stones, principally the white and grey, sandy limestone of the upper 
palaeozoic era, which is the prevailing rock. In the railway cuttings 
this deposit is often seen to reach a thickness of 40 or 50 feet. In 
many places the clay has been consolidated, by the infiltration of 
carbonate of lime derived from springs, into a tough rock, containing 
recent land and freshwater shells, such as Helix ^ Ltnnaea^ Neritinciy 
etc., which may be found still living in large numbers in the cultivated 
flats near the banks of the larger rivers. Numerous pisolitic granules 
of iron oxide are scattered freely through the clay, and in some places 
the amount of iron becomes so great, that the rock has been used as 
an ore for smelting. 

The carbonate of lime leached out from the rock is partly carried 
off by the streams, and partly redeposited in their channels, forming 
thick beds of calcareous tufa. Wherever rocky scarps are found, 
they too are usually covered with a thick curtain of the same material. 
The ** natural bridges *' in the Gokteik gorge are to a great extent 
formed of it^ and its cavernous nature has proved a considerable ob- 
stacle to the engineers engaged on the construction of the great via- 
duct therjC. In many oj the rivers it forms regular. dam§ or weirs, 
stretching horizontally across, the stream, and so regular that they 
might jbe thought to be artificial. The presence of this calcareous 
tufa in the streams, although it adds fnuch to their picturesquenes^^ is 
a great drawback from a geological point of view, for the rocks are 
entirely concealed by it in most casj^s, and nothing can be seen 
•f them. The deposit is sometimes of great thickness, as, for 

» Records, G. S. f ., Vol. XXfV, Part 2, p. 105, et seq. 



General Report for iSgg'igoo. 87 

instance, in a spur cut through by the railway between Lwekaw and 
Kyinsi, on the Namsim, where the cuttings show it to be at least 
50 or 60 feet thick. 

Beds of recent alluvium are not often met with in the portion of 
the plateau which I crossed. There are a few narrow patches of it 
in the valleys of the larger rivers, notably in the valley of the Nam 
Tu (Myitnge) near Hsi Paw, where there are also a few patches of 
older alluvium containing large well rounded boulders, mainly derived 
from the red sandstones, on the lower slopes of the surrounding hiljs, 
probably the remains of old river terraces. 



IV. — Stratigraphical details along the route taken. 

From Sedaw, a small village at the foot of the hills about 15 miles 
to the south-east of Mandalay, the line rises by a series of zigzags, 
directly up the hillside, to a height of about 600 feet above the plain, 
passing through the dark blue and grey limestones of the Sedaw 
beds. The dip of these at the foot of the ascent is to the west- 
south-west at about 50 degrees ; in fact, the outer edge of the plateau 
here is a dip slope. The direction of dip does not, however, remain 
constant for more than a short distance. Between the second and 
third reversing stations it is at first northerly, and then again south- 
westerly, always at fairly high angles. The folds, of which only small 
portions can be seen at one time in the cuttings, are probably in the 
form of domes of no great lateral extent, so that the direction of dip 
varies greatly within short distances. Just below the third reversing 
station, at a height of about 600 feet above the plain, the red crinoid 
beds are met with. The actual line of contact is concealed, and the 
two formations are dipping in quite diflerent directions, that of the 
limestones being north at about 20 degrees, while the red crinoid 
beds dip east at 45 degrees. In spite of this difference of strike, I do 
liot think that there is any unconformability. The whole series pro- 
bably forms an anticlinal with its axis nearly north and south, but 
the general direction of the fold is obscured locally by minor cross- 
folds. 

The red crinoid beds are well seen between the third and fourth 
reversing stations, where there are some deep cuttings through them. 
The only fossils I could find in them, are small fragments of crinoid 
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seems and one badly preserved Orthoceras, the whole interior of 
which is filled with white crystalfme calcitCi but the position of the 
siphuncle is still discernible. 

These beds pass upwards into a thick series of flaggy limestones 
in regular layers, separated by bands of clay or shale, very well 
exposed in the cuttings between the i8th and aoth miles. Near the 
base of these, two or three bands of red shales are intercalated, 
exactly similar to the thick crinoid beds below and also containing 
crinoid stems. Higher up, at the 19th mile, numerous specimens of 
Orthoceras occur in a small quarry close to the line ; the dip here is 
northerly at about 11 degrees. In a cutting immediately above this 
some carbonaceous shales are interstratified with the limestones. 

These limestones and shales are also well seen along the cart- 
road, some few miles to the south, in the neighbourhood of Nyaung- 
baw. At the 22nd mile, about a mile and a quarter below the 
rest-house, they contain fragments of a large crinoid^ some of the 
specimens showing the calyx with the arms attached, also numerous 
specimens of Orthoceras. 

On the railway these beds extend to about the 20th mile. 
They are greatly disturbed and faulted, and the same beds may be 
repeated more than once. Above the 20th mile there is a low, but 
well-defined, scarp, about 150 feet in height, at the top of which is a 
level plateau in which the village of Zebingyi stands. The railway 
skirts this to the north, exposing good sections. At the base a band 
of dark grey limestone, rather nodular, is seen containing numerous 
specimens of Orthoceras zxkAdM occasional Trilobite (No. 5). The dip 
here is to east-north-east at about 15 degrees. This band is followed 
by black calcareous shales (No. 6) containing numerous specimens of 
Graptolites^ matted together on the surface of the layers. With 
these occur enormous numbers of a small fossil, the nature of which I 
was at first unable to determine. They are in the form of minute 
spines, from about ^ to } inch long, ani ^ to i broad. A furrow runs 
for about half the length from the broader end down the centre, and 
the whole fossil is beautifully ornamented with regular transverse 
striae. I thought that they might be a species of Theca or Hyolithes, 
but 1 find that they correspond most closely to Tentaculites elegans 
(Barr.). The figure given in Vol. Ill, PI. 14, of Barrande's Silurian 
System of Bohemia might have been taken from one of the Zebingyi 
slaDs. These fossils belong to the stages G and H or upper silurian 
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o{ Barrande's classificatioD, and with the Graptolifes^ which appear 
to be all confined to the genus Monograptusy afFord| I think, sufficient 
evidence that these beds belong to that epoch. 

The black shales at Zebingyi are followed by white, or light grey 
limestone (No. 7), in which 1 could find no fossils in this locality, but 
a few ill-preserved fragments of crinoid stems. The surface of the 
Zebingyi plateau is formed of this rock. The limestones, where first 
seen, are dipping in the same direction, i.e^ easterly, as the graptolite 
beds, and apparently rest conformably upon them. 

Proceeding along the railway to the east of Zebingyi station, the 
white limestones are seen for about a mile dipping in a north-westerly 
direction. It is thus evident that the rocks underlying the plateau 
form a synclinal. About the 23rd mile the graptolite beds are brought- 
up again, dipping N. 40. W. at an angle of 15 degrees. They are 
succeeded below, by a band of soft yellow shales with concretionary 
bands of hard limestone (No. 5). Here Trilobites are more numerous 
than in the Zebingyi scarp, but they appear to occur only in the soft 
beds, and are difficult to preserve. The limestones immediately be- 
neath contain large numbers of Orthoceras^ but mostly in a fragment- 
ary state. 

Beyond this the line runs by a succession of severe gradients up 
the side of a steep ridge, on which the lower flaggy limestones and 
shales (No. 3) are well seen. They are greatly disturbed and frequently 
dip at high angles, generally in a north-westerly direction. They appear 
to contain nothing but a few crinoid stems. About a couple of 
miles from the base of the ridge the red crinoid beds (No. 2) appear 
beneath the flaggy limestones, but are not well seen, as the latter 
quickly bend over again to the east. 

The axis of the Zebingyi synclinal appears to be inclined to the 
north, so that on the cart-road about three miles to the south of Zebingyi 
the graptolite and trilobite beds are not met with, but the whole space 
between Nyaungbaw and the foot of the high ridge east of Zebingyi is 
occupied by the flaggy limestones and shales (No. 3) with Orthoceras. 
At the foot of the ridge the red crinoid shales are again brought to the 
surface, dipping in a west-north-west direction. At first they occur 
as bands of only a few feet thick in the limestoneS| exactly as in the 
section above the fourth reversing station on the railway ; but a little 
higher up, between the 25th and 26th miles, there is a very thick band 
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of them. It was at this locality that Dr. Noetling discovered the lower 
Silurian cystidean Echinosphasrites Kingi^ and numerous spcimens 
may be found along the road a little below the 26th mile, associated 
with Orthoceras and iairly well preserved crinoid stems. 

These beds are succeeded below by hard limestoneS| probably 
the same as those exposed in the zizgags above Sedaw (No. 1)1 which 
extend to the crest of the ridge to within a mile of Pyinsa villag^e, 
from which Pr. Noetliog named the series. 

Immediately after crossing the crest of the ridge, and within a 
few yards of the hard limestone, the soft upper silurian trilobite 
beds are again found, highly distu^bed| but .with a general north' 
easterly dip. They are evidently faulted down against the lower Sil- 
urian limestones. To the east, clq^e to the village of Pyinsa, the grap- 
tolite beds are formed overlying them, in the bed of a small stream, 
that crosses the road immediately north of the village, and dipping 
steadily to east-north-east at an angle of about 15 degrees. The 
road here turns to the north and runs along the crest of the ridge 
following the strike of these beds, which are exposed at two or three 
places, vis^y near the 29th mile, and again about a mile north of Thon- 
daung rest-house near mile 32. A short distance beyond this, at 
the village of Thingunaing, they pass under the upper palaeozoic 
white limestones, which form another well defined scarp to the east 
of the road, but they are again well exposed in the same strike in a 
cutting on the railway about half a mile above Thondaung (Waboye) 
station. Well preserved specimens of Graptolites and Tentaculitfs 
eligans with a small bivalve, may be obtained in the spoil pits along 
the line at this locality. 

The Pyinsa fault appears to die out in this direction, passing into 
an ordinary anticlinal fold, which is well seen in the cuttings on the 
ascent between Zebingyi and Thondaung station. The railway 
runs practically along the crest of the fold. 

Above Ihondaung station the graptoiite beds pass beneath the 
white sandy limestones (No. 7), which extend all the way to May- 
myo, with a general easterly dip, and form the plateau on which 
the station is built. In some of the cuttings casts of small gastropods 
are found in the limestone, but for the most part it appears to 
be unfossiliferous. 

•To the north of Maymyo the white limestones extend for about 
two miles to the foot of a range of low-rounded, jungle-covered hills. 
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Sections of the rocks composing these are seen on the path to the 
village of Naungkangyi and they are found to consist of soft sandy 
shales, somewhat similar in appearance to the trilobite beds, but 
containing a very different assemblage of fossils. No Graptolites 
or Trilohites were found in them, nor could I find any specimens of 
the small Teniacuiiies elegans^ whose remains are so characteristic 
of the graptoltte beds. Instead of these there are numerous speci- 
mens of Orthis and of plates of a small cystidean closely resembling 
MimocysHtes boiiemieus^ 2l C^v^Aoc or Bala fossil. These beds dip 
to the south-east at angles of 40 to 50 degrees and the white limestones 
Are apparently faulted down against them. 

To the east of Maymyo the white limestones extend both along the 
railway, and cart-road to, and beyond the village of Wetwun. Casts 
of small gastropods occur in a spoil-pit on the railway about five miles 
from Maymyo. Just beyond Wetwun, at the 55th mile on the 
cart-road, a band of argillaceous shale or Fuller's earth is badly exposed 
at the side of the road, containing numerous fossils, including many 
lamellibranchs, casts of a small Orthis or perhaps Atrypa, and a 
fossil, badly preserved| resembling Tkeca or Hyoliihes. A Fenestella 
also occurs. The relatione of these shales to the limestones cannot 
be made out, but they probably form a band in the latter. 

Beyond Wetwun nothing is seen along the road except an 
occasional, very small outcrop of white limestones, until the 73rd 
mile is reached, near the village of Kyaukkyaw, where the railway 
and cart-road cross a well-defined scarp running north and south. Here 
there is a deep cutting through the limestone, in which the intense 
crushing which the rocks have undergone, can be well studied. 
Slicken-sided surfaces are numerous, highly polished and covered 
with a thin red glaze, and the body of the rock is so crushed that it 
breaks into small fragments when struck with a hammer — a condition 
made use of by the railway engineers, who convert the rock, at the 
expense of a few charges of dynamite, into heaps of ballast, ready 
broken, for the railway. 

Immediately to the west of the deep cutting, there is a smaller one, 
in which some highly fossiliferous shales (No. 8) are exposed. Jhese 
dip to the eastand appear to .pass under the limestones, but as I 
found precisely similar fossils in some shales, to be described pre- 
sently, near Hsi Paw further to the east, where they occur at the 
top. of the limestones, it is probable that they are faulted down 
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against the latter in the Kyaukkyan ridge. The fossils in the shales 
include numerous casts of Pect^n^ a small Conocardium^ and other 
lamellibranchs, which have not yet been determined. The shales 
rest upon hard dark blue limestones In which fossils are numerous, 
which appear only as weathered sections on the surface of the rock. 
Beyond Kyaukkyan a plateau formed of the white limestones 
extends w/VfNawnghkio to the edge of the Gokteik gorge, where the 
rocks bend over and plunge into the gorge with a steady easterly 
or east-south-east dip of about 30 degrees. The rocks are greatly 
crushed and full of small faults and gliding planes. On the opposite 
(north-east) side of the gorge the cliffs are entirely composed of the 
white limestones, which must be of enormous thickness unless they 
are repeated by faulting. Near the bottom of the gorge the rocks 
are almost entirely covered with a thick deposit of cavernous 
calcareous tufa of which the well-known '' natural " bridges are to a 
great extent composed. 

The cart-road crosses the gorge some miles above the railway* 
crossing) and the cuttings along it afford good sections of the rocks 
beneath the white limestones. For the first two or three miles 
limestone is seen at intervals ; then at the short cut above the eighty- 
fourth mile there are some soft yellow, «andy beds, containing badly- 
preserved fragments of crinoid stems, probably the representatives 
of the trilobite beds of Zebingyi (No. 5). These are again 
exposed on the eastern side of the gorge, just above Chaungow rest- 
house, at mile 88^, where I found specimens of Encrinurus punctatus 
in them, as well as numerous casts of Orthis and Petraia. These are 
-followed beneath by grey, sometimes purple, calcareous shales and 
limestones, ivhich are well exposed on the zigzags along the road, 
between the 84th and 86th miles. In places, notably at mile 85, 
these rocks are crowded with fossils, mostly casts of Orthis and 
Strophomena. The cystidean plates found in the shales north 
of Maymyo also occur here in considerble numbers, and I think 
there is no doubt that these beds are identical with those of Naung- 
kangyi (No. 4). The shales and limestones dip east-south-east at 
about 30 degrees and continue to the bottom of the gorge. They are 
seen again on the ascent near Chaungzow rest-house, but on this side 
I could find no fossils in them. 

The same beds occur some miles higher up the western branch 
of the river that flows through the gorge, on a path that crosses it due 
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north of Navinghkio, but are very badly exposed and the fossils are 
quite fragmentary. 

Returning to the eastern side of the gorge the yellow trilobite 
beds above Chaungzow are found to be followed by the white 
limestone- I searched for the black graptoHte beds here, but could 
find no trace of them. From the edge of the gorge the limestones 
extend for a long distance along the road; in fact, hardly any 
other rock is seen for some twenty miles, in a spoil-pit on the 
railway, two miles north of Gokteik station, numerous casts of 
small gastropods and a little bivalve probably a Pterinea occur 
in the limestonei and within a few yards there is a small outcrop 
of argillaceous shales, similar to those at Wetwun, containing 
a few fossils among which a Lingula (?) is most common. Here 
again the relations of the shales to the limestone cannot be made out. 
A short distance further up the line, at mile 89^ on the cart*road, 
the shales and limestones are seen in contact, but are greatly disturbed 
and evidently faulted against each other. Between Pyaunggaung 
(mile 105) and Lwekaw (mile 116) on the cart-road, nothing but lime- 
stone is seen, the road running along the strike of the beds, which 
dip generally to east-south-east. But on the railway, about five miles 
beyond Pyaunggaung, there is an outcrop of very soft sandy beds, 
full of fossils, including Fenestella rett/ormis in large numbers, 
Eficrinurus punctatuSf Strophomena^ Orthts^ and many crinoid 
stems. These beds are quite isolated, but they dip apparently 
beneath the white limestones. Further on, about three miles west of 
Lwekaw, a band of shale occurs in the limestone, containing minute 
bivalves and fragmentary plant remains. Some of the shales are 
here distinctly carbonaceous. 

Beyond this nothing further is seen, up to the 1 23rd mile on the 
cart-road, about a mile west of the village of Kyinsi. Here some 
light grey shales with nodular bands of blue limestones are exposed 
in the railway cuttings, containing the same assemblage of fossils as 
at Kyaukkyan. The shales rest upon thick dark blue concretionary 
limestones, the whole dipping north-north-east at 20 to 30 
degrees, and fossils also occur in the limestones, only showing as at 
Kyaukkyan on the weathered surface of the rock. The white lime- 
stone occurs in the jungle on the southern side of the cart-road, which 
runs here close to the railway, and apparently dips beneath the blue 
limestone and shales, but the actual contact is not seen. 
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A few hundred yards to the east of the fossiliferous shales, but 
separated from them by a blank space, a very different series of 
beds is seen. These are soft red and green clays interstratified with 
thick beds of soft red and brown sandstones. Where first seen they 
are dipping north at from 40 to 50 ^iegrees, but on following the 
beds along the railway beyond the bridge over the Namsim, they are 
found to be greatly disturbed and folded. To the east of this the valley 
opens out into a broad level plain covered with rice fields, through 
which the Nam Tu (Myitnge) flows, and no rocks are visible. Where 
the hills close in again, however, to the east of Hsi Paw, the red 
sandstones and shales are again met with, thrown into narrow folds 
striking north-east along the valley of the NamTu, and very well ex- 
posed in the railway cuttings througrh the spurs bordering the river. 
The sandstones are occasionally hard enough to form an excelleut 
building stone. They occup^ the whole valley of the Nam Tu up to 
its junction with the Namyao, or Lashio river, and continue up the 
valley of the latter to about five miles above its junction with the 
Namma below Se Ing rest-house, where they are faulted against the 
white limestones. The red sandstones are also seen on the cart-road 
between Hsi Paw and Kontha rest-house, but no good sections are 
exposed. At Se Ing the limestones form a narrow gorge through 
which the river flows for several miles. 

About a mile above the junction of the Namyao and Namma, 
I found in one of the railway cuttings a few fragmentary fossils in 
the red beds, mostly lamellibranchs. They have a certain resem- 
blance to some of the fossils in the Kyinsi shales and it seems prob- 
able that the latter with the red sandstones form one series. From 
a cursory examination of the fossils it appears not unlikely that the 
whole sequence may be devonian. Fossils must be very rare in the 
red beds, for although I searched carefully I found none except in 

this one locality. 

Higher up the valley of the Namyao, limestone is the prevailing 
rock, but the river runs along the boundary between it and the red 
sandstones, afid the latter are occasionally seen in the railway cuttings. 
The actual junction is not seen anywhere, and I could not find the 
Kyinsi fossiliferous shales, but the whole country is covered with 
dense jungle and soft beds of that description are apt to be concealed. 

The Namyao in this portion of its course affords many fine ex- 
amples of the natural dams or weirs of calcareous tufa already men- 
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tioned. They succeed each other at intervals of a few hundred 
yards all the way up the river and arc of very various heights, 
from a few inches up to several feet. Some five miles above Se Ing 
they are especially numerous and resemble a huge salmon ladder. 
At the top is a very fine waterfall the whole face of which is 
covered with tufa. These dams take the place of the rapids in an 
ordfnary river, but it is difficult to see how the growth is started, 
for one would expect it to be washed away as quickly as it was 
formed in the broken water of a rapid. From the appearance of the 
fresh deposit, which is often of a vivid green colour, I suspect 
that it is to a great extent organic in origin and that it is built up 
by minute algae much in the same way in which a true coral reef 

is formed. 

The white limestone continues along the valley of the Namyao to, 
and beyond Lashio; in fact, it extends as far as the Salween, but it 
is generally concealed by recentjclays. There are no railway cut- 
tings along this portion of the route and very little of the rocks can 
be seen. About four miles to the north of Lashio, where the road to 
the Kunlon ferry crosses the Namyao, a small patch of shale crops out 
containing very ill-preserved fragments of plants ; and near the vil- 
lage of Mongyaw at the head of the valley some minute rounded 
bodies occur in the limestone which may be organic, but beyond 
these I could find no fossils whatever. The red sandstones appear 
cupping the hills to the south of the valley between Mongyang and 
Mongyaw, but do not contain any fossils, so far as I could see. 
Beyond Lashio the road to Kunlon runs practically along the strike 
of the rocks and nothing can be seen of the formations lying to the 
north or south of the route • 
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Notes on the Geology of the country alon^ the Mandalay-Kunlon 
Ferry Railway Route, Upper Burma, by P. N. Datta, B.Sc, 
(London), F.G.S., Deputy Superintendent^ Geological Survey 
of India. 

The projected line of railway from Mandalay to the Kunlon 

The bro'ected raiiwa • ^^^ry On the Salwecn ill upper Burma, passes 
its general direction ' through Maymyo, the hill station of the Lieute- 
from a a ay, nant'Governor of Burma, Thibaw (Hsi Paw), 

and Lasbio, the head-quarters of the Superintendent of the northern 
Shan States. There is a cart-road from Mandalay as far as Lashio, 
and the railway has followed close to this old cart-road as far as 
Thibaw. From Lashio there is no cart-road, but only a mule-track 
as far as the Kunlon Ferry. 

This line of railway, the first section of which, i.e.^ from Mandalay 
to Maymyo, a distance of about forty miles, was to be opened on the 
1st of April this year, runs from Mandalay in a general north-east by 
east direction, the first fifty miles or so being in the Mandalay District| 
and the rest in the adjoining northern Shan States. As I, however, 

went only a few miles beyond Thibaw (Hsi 
ofrou e raverse . p^^j^ ^'^^^ about 1 40 miles by the cart-road from 

Mandalay, my examination of the ground extends therefore to the 
neighbourhood of Thibaw only. 

From Mandalay to Tonbo, which is ten miles south-east of 
Mandalay, the railway runs over a plain which shows no exposures 
of solid rock, the hills commencing near Tonbo. 

Due east of Mandalay the plain extends for about 5 miles or less, 

the limestone composing the foot hills here being 
^^ds^fMa^dala^' ^ continuation of those seen in the neighbour- 
hood of Tonbo, the beds striking here very 
nearly north and south. 

The hillock called Mandalay Hill just north-east of the Mandalay 

Palace is composed mostly of crystalline lime- 

^''^^bS!uJge[ '^* ^^^"^> ^^^ bedding being distinct and the rock in 

many places quite unaltered. The strike is 
north by west, south by east, with a high dip to the eastwards ; that 
is to say, the strike of these beds is identical with that of the beds 
forming the foot-hills to the east. Although the identity of the dip 
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and strike of the Mandalay Hill limestone would point to its 
belonging to the same sequence of beds as the limestone of the foot- 
hills to the east, still in view of the altered (crystalline) condition 
of the rock and the non*discovery yet of any fossils in them, it 
would seem to be best to leave the question of its age yet open and 
to say only that the limestone of the Mandalay Hill is probably of 
the same age as the limestone of the foot-hills. 

Dr. Noctling, Paleontologist to the Geological Survey of India, 

Pre^nouM obuTvatiam f ^^ 8®°® ^^^^ ^^^^^ ground along the Mandalay- 
c^. Noetiit^g*M cUttsifi£<i' Lashio cart-road, and the result of his observa- 
tions was published in the Records, Geological 
Survey of India, Vol. XXIV, Part 2, page 99. The rocks were 
classified by him into— • 

1. Gneissic formation. 

2. Submetamorphic formation. 

3* FalsBOzoic group ranging probably from the Cambrian to the upper 

Silurian system. 
4« Red sandstones of undetermined age. 

5. Tertiary formation. 

6. Alluvial formation, probably younger miocene. 

7. Volcanic rocks i porphyry of unknown age, granite of gneissic age.^ 

Of these formations, Nos. f , 2, and 7 do not at all occur along the 
track gone over by me« Alluvium does occur here and there in the 
neighbourhood of streams, but I did not stop to map it, as it would 
have been sheer waste of time to attempt this with the maps we 
bad at our disposal. The ground examined by me included princi- 
pally the beds grouped above as No. 3 and also portion of No. 4. 
Whether any of the beds occurring here are tertiary can only be 
determined by the fossil contents, but no tertiary fossils were found 
by me. 

In the above paper Dr. Noetling classifies all the limestone beds, 

commencing from those that form the foot-hills^ 
ing^ikgl&itiJnlT !>.> the hills forming the westernmost border 

of the northern Shan plateau, extending to 
Pyintha and further east across the Shan plateau, into two divi- 
sions :-— 

I. Mandalay limestone without fossils (lower) ; 

* Roc, G. a I^ Vol. XXIV, Part 2, page 103. 

H 
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2. Pyintha limestone with fossils of lower Silurian epocli ] 

(upper) J 
and in the lower division is included all the limestone composing the 
foot-hills, while the beds occurring in the neighbourhood of Pyintha 
formed the Pyintha beds, the lower division or Mandalay limestone 
being in this classification characterized by the absence of fossils. 
I commenced work at Tonbo at the very edge of the hills 

forming the Shan plateau, and the first fossils 
"'^^' ^fj^t^''''^'' here were obtained at i to J mile north by west 

of Tonbo village. In fact all the hills about here, 
i,e.i to the N., N.E. and E. of Tonbo, extending as far as Sedaw vil« 
lage to the east, close to where the MandaIay*Kunlon Railway leaves 
the plains and begins its first zigzag hilly ascent, were found abund* 
antly fossiliferous, the only drawback being that in many cases the 
fossils could only be seen in sections, in casts or in fragments, render- 
ing their collection and identification difficult or impossible. Fossib 
are also met with in great numbers as one goes up the hilly foot- 
track from Sedaw towards Zibingyi. 

As thus the limestones of the foot-hills, beginning with the very 

AT //• ^ b' ^^S^ ^^ ^^^ '^^''^ skirting the Mandalay plaiui 
ing ^f the limestones ne are found to contaiu fossils. Dr. Noetling's divi- 
onger ena . siou of " Mandalay limestone without fossils, *' 

as applied to these rocks, is no longer tenable. As for the series of 
" Pyintha limestone : " the fossils of his " Pyintha" beds are not of 
a character or kind to entitle the beds to the rank of a separate divi- 
sion or series except and until we are in a position to undertake the 
minute sub-division of the different series of beds, which we certainly 
are not yet. If they are lower silurian in age, then they but form 
an insignificant portion of the entire thickness of the beds, namely, 
from near Tonbo to the neighbourhood of Zibingyi, which belonging 
as they seem to do to the lower silurian epoch, will thus include the 
Pyintha beds as part and parcel of them. Thus the divisional name 
of Pyintha limestone cannot also be retained. 

There is another reason why, in view of the fossils found this 
season in the beds in and about the village of Pyinsa (Pyintha), the 
name of ^* Pyintha "limestone could not be appropriately retained, 
and it is that the Pyinsa village actually stands on beds which 
occupy a higher horizon (t>., probably of the upper silurian age) 
than the Echinosphaerites beds which are of the lower silurian 
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epoch. If the term " Pyintha " hks now to be used as a group*name 
at all, it can now only be properly used to designate the trilobite 
and graptolite-bearing beds on which the village is actually situated^ 
and not beds at a distance with a different set of fossils. 

The name of " Mandalay " might be retained for the group of 
„.. , , ^ rocks which I have designated as *' Tonbo 

Why local nam§ ef . i ,. *■ i *■ 

Tonbo** profnraMe to series, ' representing the limestones of the foot- 
"^ ' hills near Tonbo, Sedaw, etc. But the local 

name of '^ Tonbo " seems preferable for several reasons. Besides, 
by '^ Mandalay group '' Dr. Noetling included all the beds ufi to the 
base of the Echinospbaerites beds occurring between Nyambaw and 
Pyintha, the Ecbinosphaerites beds being grouped distinct and as 
'' Pyintha" beds. But my Tonbo series includes the beds underlying 
the Echinosphaerites beds as well as the Echinosphmrites beds 
themselves^ So the retention of the name of '^ Mandalay ^ as a 
group-name might introduce confusion. So it seems best to 
represent the series under the designation of " Tonbo '' beds. 

From t^eif position in reference to his Pyintha group, the 
''Mandalay Limestone without fossils'' was looked upon by 
Dr. Noetling as Cambrian (Records, Geological Survey of India, 
Vol. XXIV, Part a, page 104). From the fossils collected, however, 
this season. Dr. Noetling is now of opinion that they are silurian in 
age. 

The railway line, as already indicated, passes over the Mandalay 

., ^ .^. ^ plain as far as Tonbo, a distance of ten miles to 

Nature of iho country \ , _ •, , , t> , i , 

aUng the route s Along the south-east from Mandalay. But though the 
way. j^j jj^ commence here, the railway runs for another 

three miles, 1'.^., as far as Sedaw, over level ground. At Sedaw 
it begins its first zigzag ascent of the hills attaining a considerable 
height at Zibingyi over steep gradients, and from Zibingyi it still 
goes on ascending until it reaches, at an elevation of over 3,000 feet 
above the sea-level, the station of Maymyo, the highest point on 
the Mandalay- Kunlon Ferry line. From Maymyo the line follows a 
north-east by east course along the edge of a valley as far as Wetwin 
("Wenwi" of map), crossing the Kelaung stream there. From 
Wetwin the route passes over a low level ground— evidently the 
bottom of a valley, with innumerable streams running to the south- 
cast, until Kyaukkyan is reached, where ascending a slightly higher 
ground it runs on to the Gokteik gorge. From the eastern side of 
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the gorge the railway runs over a fairly • level ground by Pyoung- 
goungj and crossing the Namsim near its mouth and keeping in the 
valley runs on along the right side of the river by Thibaw (Hsi Paw) 
and past it. 

While the railway line begins its ascent of the plateau near 
., ^. _. . Sedaw, the cart-road from Mandalay to Lashio 

Along ike caritoad, ' ,^ • , , .. i i . ^ 

en route to Kunlon, ascends the table-land about 
a mile and a half west of Nyaumbaw, that is, at about 4 miles south 
by west of the Zibingyi Railway Station. A couple of miles east of 
Nyaumbaw or one mile east of Zibingyi station, there is a sudden rise 
in the ground, looking like a hill range from the west, running north 
and south, but really due to the elevation of the ground with a change 
of dip of the beds to the west. Up to this point (Nyaumbaw)i the 
cart-road had kept a roughly south-east course from Mandalay, but 
from here it begins to run north-east, keeping all along fairly close 
to the railway line, and this direction is maintained up ' to and 
beyond Thibaw. 

Among the foot-hills in the neighbourhood of Tonbo, Sedaw, 

Kvcetnepahy etc., it is obvious that the direction 

beds with the trend of ih4 of the hiU-ranges is coincident with that of the 
hiil-ran^eM. ^^^.j^^ ^j ^j^^ j^^j^^ Further inwards into the 

plateau, i.e., to the eastwards, the map being of an unreliable charac- 
ter, it becomes difficult to tell how far this ag^reement holds. By 
Tonbo and Sedaw the beds strike north by west, south by east, with 
a high general dip to the east. And although there may be noticed 
occasional dips to the west, due to folding, it is quite clear that 
as a general rule the series is ascended as one proceeds from the 
foot-hills at the western border of it eastwards across the plateau. 

It will perhaps be best if the rocks in the different localities were 
at first separately noted in their proper order as one proceeds from 
west to east, their relations with one another being indicated later 
on. Following this plan I will begin with Mandalay itself. 

From the agreement of the dip and strike of the beds of lime- 

stone of this hill with those of the limestone of 
^■^ * ' the hills to the east, the Mandalay Hill lime- 

stones are evidently of the same system of rocks forming the hills to 
the east. 
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.". • • 
Tonbo stands at the very border o(" i^e /oot-hills of the Shan 

plateau. The hills are "colaipased of a generally 

thick-bedded limestone^ thQ...S:<>ck varying in 

colour from blue to light to dark grey and to bluisfr gc^y^ That the 

rock has been subjected to considerable pressure is proved hf the 

presence of innumerable irregular cracks and jointing, often Bljcken- 

sided and by the rock being in places semi-crystalline and'-!^<ec* 

ciated. While the blue limestone, often semi-crystalline, was foupd. 

here to weather with a black crust, the greyish limestone weathers 

yellow. North of the village, even at the very foot of the hills, the 

limestone is clearly seen dipping at 60^ to 70^, and even at a higher 

angle, to the eastwards. 

The first fossils here were obtained at half a mile north by west 

of the village, at the very edge of the hills, about 

three-fourths of a mile to one mile, on the slopes 
of the hills facing the plains, north by west of Tonbo village, corals 
and bivalves, often fragmentary, are abundantly seen on the weathered 
surfaces of the rock. Foraminifera, corals, sponges, and minute 
crtnoid stems are also observable here>. Here some big casts of 
bivalves, which were difficult to identify, were also seen. 

Another good locality for fossils in this neighbourhood is about 

l\ miles east by north of Tonbo, Fossils are 
Fatsiisea^norihof ^est collected here either on the weathered 

surfaces of the beds or on the detached wea- 
thered fragments strewn about among the beds on the slopes. 

This village is situated on the Myitnge river, about four miles 

south-east of Tonbo. In marching from Tonbo 
* ' to Kwetnepah, exposures of limestone are met 

with on the road a mile past Ongyaw. The rock is of the same 
character as north and north-east of Tonbo and also with a similar 
dip and strike. Among the fossils found here the coral at least is 
identical with that found north of Tonbo. That the hill-ranges near 
Kwetnepah on the Myitnge are a continuation of those of the 
Tonbo is evrident from the identity of strike of the beds and of the 
hill-ranges in the two places and also that of fossils. The range 
that is seen south by east of Kwetnepah, on the left bank of the 
Myitnge, and catches one's eye from its rugged bold outline from a 
considerable distance, is, there can hardly be any doubt, of the 
same age as the hills near Tonbo. 
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The limestones forpilggf the range half a mile east of Kwetnepah 

^ ••at,^ 'also remarkably fossiliferous. Bivalves, 

.% \ \cofal8| sponges, gastropods, etd abound ; while 

some distance\d|p'* tfie slopes, at a point one mile north-east by east 

of the VHIage*, -^ome beds seemed made up of masses of a coral 

(Slraipt20(f^s?). Three or four kinds of corals were noticed on the 
• • • • 

sl^b(es])Ji&e of these at least, a Syringopora, being apparently identical 
:vith'that found near Tonbo. The rock is light to dark grey and 
• ••.\*i>iuish in colour, dipping east by north at 85°, 

•:^ • While in the neighbourhood of Tonbo, Ongyaw and Kwetnepah 

the hills seemed to be made up of nothing but 

limestones, varying in colour from light to dark 

grey and to blue, it is for the first time near Sedaw that one meets 

with argillaceous shales interbedded with the 
rg% aceouss Hmestones, About half a mile north-west of 

the village one can see occurring in the shale harder lenticular 
patches of a calcareous shale or shaly limestone, these patches often 
yielding fossils. Strike of the beds here is north-west, south-east. 
Almost due north of the village^ half a mile or so from it, some 

reddish shales are seen. Among the fossils 
found here are coral and echimodermatous 
remains, besides sections of shells. 

A tributary from the north falls into the main stream at three- 
quarters of a mile north-east of Sedaw village. 

^''^^iid^w!'^ ^^ '^^^ ^^^^^ ^f ^^^ ^^''^y s'^^w thick-bedded lime- 
stone, but that the centre is occupied princi< 

pally by shalesi though none is to be actually seen, is evidenced by 

dhbris found in the bottom of the valley. 

One mile due east of the Sedaw village is the little railway station 

(Sedaw) at the foot of the plateau, and here 

^'"^ ^ThiMiu!'^''^ ^"^^ railway begins its ascent of the hills. This 

station is on the thirteenth mile on the line* At 
the foot the limestone, well exposed in the cuttings, is seen to dip 

W. I5°S. at 50°; but going up the slopes direct- 
^ ly above this point one finds the beds near the 

top dipping at 35® to E. 10° N., showing that here the limestone 
beds form a sharp anticline. Looking from this high point north- 
wards, one notices an exposure of a very red coloured rock towards 
the head of the valley of the tributary stream which falls into the 
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Sedaw river three-quarters of a mile north-'east of Sedaw. There 
is little doubt that this red rock is a portion of the synclinal fold 
of the red shale which is well exposed on the railway about the 

17th mile (see Plate, Fig. i). The railway 
HedskaUsfyjh, ijih ^^ leaving the Sedaw station goes up in a 

very zigzag line as it first ascends, and follows 
a general south-east course for some distance, then turns north- 
east and shortly reaches the third and fourth reversing points 
between the seventeenth and eighteenth mileposts. Here is ex- 
posed a thickish mass of bright red calcareous shale, dipping 
E. 10° N. at 50° to 55°. The red shale is highly calcareousj much 
pressed and indurated and often exhibits a shining lustre along the 
lamination planes. Occasional minute stems of crinoids are all 
that could be obtained from these beds in the shape of fossils. 

It is noticeable that if one comes up from the foot of the hills 

along the new railway cuttings one does not 

come across or see a single indication of a 
fossil, however closely one might examine the fresh faces of the 
rock exposed in the cuttings, leading one to suppose that these beds 
must be perfectly devoid of organic remains. But let one follow 
the old foot-track that ascends the same hill to the north of the 
railway line — the old footpath leading from Sedaw to Zibingyi— - 
and one is agreeably surprised at the quantities of fossils one meets 
with on the very foot-track on the weathered surfaces of the rock. 
Euomphalus is specially abundant, with Orthoceras^ Gomphoceras (?), 
etc., etc. 

The red shales just above referred to, pass eastwards, ie.^ 

upwards, into mud-coloured argillaceous shale, 
^^^^liw'nl^f. This argillaceous shale is in places blackish 

and exceedingly hard, as seen by the i8th 
mile. From this point the Zibingyi railway station lies about two 
miles east by north in a direct line, but the actual length of the rail- 
way between these points is four miles. Proceeding towards Zibingyi 
from the eighteenth milepost various kinds of limestone are passed 
over, all dipping eastwards and rather at a high angle. Occasionally 
a bed or two of limestone, perfectly black in colour, is met with 
which might be taken for coal from a distance. About midway 
between the i8th mile and the Zibingyi station argillaceous shales, 
are s^tn^ these often being reddish in colour and with concretionary 



104 Geological Survey oj India. 

masses o{ limestone, gprey or flesh-coIoured| and fossils such 
as crinoidSf Orthoceras^ etc., have besn found in them. Nearer 
Zibingyiy these red shales and clays with calcareous concretions are 
succeeded by limestone beds which on approaching Zibingyi as- 
sume a low dip. ' 

About \\ miles west of Zibingyi station, fragments of trilobites 

are met with together with conical little bodies 
beautifully sculptured transverselyi which are 
most probably Styliolas. Next after passing over some limestone and 
argillaceous shales were found monoprionidian graptolites, with some 
minute bivalves, etc. For a mile west of the station hardly any 
exposures of rocks are visible ; but proceeding east along the line and 
past the station, some thin-bedded limestones and soft yellow shales 
are met with one mile east of the station. These dip, however, to the 
west and contain trilobites and graptolites, together with the Styliolas 
and bivalves. Thus there is a little syncline here with Zibingyi 
station as its centre. 

If one proceeded by the cart-road from Tonbo, which is on the 

thirteenth milepost on the Mandalay-Lashio 
^ '** T^^^^^ cart-road, he would meet with thick-bedded lime- 

stones with corals, etc., up to a point i\ to 
1 1 miles north-east of Kwetnepah. A little beyond this point is 
the seventeenth milepost (on the cart-road), and beyond this is an 

exposure of a red calcareous shale, which is 
evidently an outcrop of the same rock as is 
exposed about the 17th mile on the railway. From here the road 
keeps a zigzag south-east course for some distance, often showing 
the same red and grey argillaceous shales, with limestone beds much 
disturbed and folded. The cart-road ascends the plateau in a zigzag 
manner i| to 1} miles west of Nyaumbaw. A little over a mile west 

of the Nyaumbaw Inspection Bungalow, which 
yau «». .^ ^^ ^j^^ twenty-third milepost on the cart- 

road, or to be precise, between the fifth and sixth furlong posts past 
the 2ist mile, I found, in a light grey limestone with argillaceous shale, 

some fine specimens of the stems and arms of 
5^f«»wjw^a large ^ j^rge crinoid, with Orthoceras, etc. The rock 

about here is a grey thinnish-bedded limestone 
with calcareous and argillaceous shales, the shaly limestone being 
sometimes of a flesh colour. By the police station and the Priests' 
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House at Nyaumbaw a limestone which unweathered looks not 
unlike a gneiss, is associated with reddish shales with calcareous con- 
cretions and yields abundance of rather small crinoid stems and Ortho- 

ceras. Between the twenty-fifth and twenty* 
^^pLm^!'^'^ ^'**^^ mileposts, that is, about two miles east of 

Nyaumbaw, and at the foot of the rising ground, 
the rocks are also well exposed, being a red shale with calcareous con- 
cretions interbedded with thin-bedded limestone, and in these shales 
were found EchtnosphseriteSf Orthoceras^ crinoid stems, etc., and with 
these, also some other fossils rather of large size, some measur- 
ing four to five inches across, occur. But what they may be it has 
not been possible to determine yet. 

The rise in the ground here corresponds to a change in the dip, 
that is to th^ western directioUi of the beds, this line of elevation 
being the continuation of the high ground also seen one mile east of 
the Zibingyi station. 

Proceeding up this steepish rise along the cart-road, the level 

ground is reached i to i mile west of Pyinsa 
Pyinsaandningkbowr' ^^^ Pyintha) (between the twenty-seventh and 

twenty-eighth mileposts) and here the beds are 
seen resuming their dip again to the east. A short distance before 
Pyinsa is reached, soft yellowish shales with trilobites and Styliolas are 
met with dipping east. A little to the south-east of the village is expos- 
. ed, on a stream-bed, a dark grey to blackish lime- 

stone with graptolites. Coming back again to 
the cart-road and going north one comes upon, at a point between 
the first and second furlong posts past the 2gth mile, that is, about 
1 4 miles short of the Thongdaung Inspection Bungalow, and in the 
very middle of the road, some thin-bedded black limestone which has 
only to be turned up to show the graptolites they contain, being 
evidently an outcrop of the same beds as are seen on the stream-bed 
south-east of Pyinsa. From here hardly any exposures are seen ti 11 the 
sixth furlong post after the thirty-first milepost is reached, when 
some yellow shaly clay containing trilobites and Styliolas are met 
with. Beyond the village of Chingenah (on the 32nd mile) mud* 
coloured argillaceous shales interbedded with limestone bands are 
seeui dipping east at 20^ and evidently overlying the series of beds 
containing trilobites and Styliolas just seen to the south. As from 
this point beds higher in the sequence are met with as one proceeds 
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along the cart-road towards Maymyo, we might deviate here a little 
from the cart-track and inquire if the trilobite and graptolite bearing 
beds of Zibingyi are to be seen along the railway line east of Zibingyi. 
They do appear on the line about one-third mile north of Thongdaung 

station and are traceable to a point a little 
Another ar^a^gZibin^ distance south of Waboye village. The beds 

here have yielded trilobites^ grapioliies^ and 
Styliolas with a fair sprinkling of bivalves, etc. Thus the trilobite and 
graptolite beds Which form a small syncline about Zibingyi occupy 
also two other areas in the neighbourhood, namely, one about the 
Pyinsa (Pyintha) and Thongdaung villages and the other between 
the Thongdaung Railway Station and the Waboye village. As I 
was directed to march rapidly through this part of the country, 
I made no attempt to trace the boundaries of these areas. 

As one proceeds north-eastwards either along the railway from 

near the village and Waboye, or along the cart-road from near 

Chimgenah, one meets with beds higher and higher in the series. 

Before noticing these higher beds, a word more might be said in 

„ , , . , ^ reference to the Sedaw-Zibingyi section. We 

Red ealeare^us shales 0/ i^ j ^ t , . . 

sivenieenih miUposi on lOund a mass of red calcareous shales by the 
'J^;£tew.-t^1:*: ^1^^ ™»« o° t^e railway, these being also ex- 

posed between the seventeenth and eighteenth 
mileposts on the cart-road. We also found certain red shales with 
calcareous beds well exposed between the twenty-Bfth and twenty- 
sixth mileposts on the cart-road (about two miles east of Nyaumbaw), 
these coming in below the Zibingyi trilobite and graptolite-bearing 
beds and yielding Echinosphaerites, etc. It seems to me that the first- 
named red shales are lower in the series than the Echinosphaerites- 
bearing beds. For, in the first place, in physical characters they 
present great differences; for while the red shales by the 17th 
mile on the railway are highly calcareous, much pressed, and indu- 
rated, presenting a shiny lustre on the lamination planes and free 
from any calcareous concretionary masses in them, those on the 
cart-road, well seen between the 25th and 26th mileposts are, 
on the C9ntrary, not calcareous (at any rate nothing like what 
the others are), do not exhibit the signs of the great pressure 
and crushing, such as induration and production of shiny lustre along 
lamination planes that the others show and have abundance of 
concretionary masses of limestone associated with them. In short, 
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physically, the one looks quite different from the other. As for 
organic contents, while only minute crinoid stems were all that 
could be had from the one, abundance of remains of Echinosphaerites 
and other fossils occur in the other. 

With reference to the structure and age of the Tonbo-Sedaw 

section, the beds are nearly vertical, the 
^"^s'agT,!!^'' ' general strike being north by west, south by 

east. It is also very probable that there has 
been some repetition of the beds through folding here. That the 
limestones in the neighbourhood of Tonbo are the same as those near 
Kwetnepah appears certain from the strike of the beds and also from 
similarity of fossils. Of the foraminifera, corals, sponges, crinoids, 
bivalves, gastropods, and cephalopods that have been found here, the 
greater part have not yet been determined. As the Tonbo-Sedaw 
section is meant to include all the beds below the Zibingyi syncline« 
the shaly limestone containing the rather fine specimens of the arms 
and stems of a large crinoid found on the cart-road between the 
twenty-first and twenty-second mileposts (that is, one mile west of 
Nyaumbaw), as well as the Echinosphxrites-h^dsmg red shales with 
calcareous concretions, come in in the upper part of the Tonbo-Sedaw 
section. From among the fossils found in the beds bordering the 
plain just north of Tonbo, Dr. Noetling identifies a coral as of the 
Silurian age. Hence these beds composing the foot-hills near Tonbo 
are silarian, that is lower Silurian, in age. 

Zibingyi seciion.^^As only monoprionidian graptolites have 
,.3 , . been found in these beds and no diprionidian 

Zihngyi beds : thetr 0ge» ^,. ,, a. • j« ^ 

ones, this would seem to indicate an upper 
Silurian age for the Zibingyi beds. 

Waboye-Afaytnyo Seetion.-^^AiteT passing over the trilobite* 

bearing shales last seen on the cart-road a little 
short of the thirty-second milepost, one comes 
upon, in going northwards towards Maymyo, limestones with shales 
between the thirty-second and thirty-third mileposts. Exposures 
then become scarce, only bits of limestone being occasionally visible, 
A little past the 3gth mile the road passes through a low range 
which shows a light grey sandstone, hard, compact, and moderately 
fine-grained at the foot of the hill, but getting finer-grained and 
quartiitic towards the top, the dip being east-30*^-north at 20^. This 
is the first sandstone one comes across after leaving Tonbo. After a 
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short blank another range is crossed by the cart-road at between the 
fortieth and forty-first mileposts, where the rock from being a white, 
soft) friablci flaggy sandstone, rather coarse-grained, passes up into 
a bluish, hard grey, compact, thick-bedded, calcareous sandstone or 
siliceous limestone, in places quite brecciated. Of such rocks are 
made up the hills one mile west of Maymyo. The dip is here 
25° — 30° to east-i5**-south. 

The same section is better exposed on the railway track from 

Wayboye to Maymyo, the principal rock seen 
^ being a sandy limestone or calcareous sand- 

stone with occasional intercalations of shales, all dipping eastwards. 
No fossils except a few minute gastropods were extracted from these 
beds. 

That the section Is an ascending one, the dip of the beds as they 

Tkesiciion anmscend- ^^^ followed from Thongdaung Railway Station 
ing &me. towards Maymyo, would clearly indicate. But 

if that were not quite convincing, the fact of the introduction of a 
newi f>., sandy, element in the hitherto perfectly purely calcareous 
rocks, giving a new character to the beds in this section, ought to 
remove all doubt. For nowhere in the Tonbo-Sedaw section does one 
ever meet with anything but perfectly purely calcareous beds, free 
from any admixture whatever of any sandy element. If the Waboye- 
Maymyo beds were older than the Zybingyi trilobite-bearing beds, 
then we should hardly expect that, while the Waboye-Maymyo beds 
were deposited in shallow and non-clear waters, there should not be 
even a trace of such impurities whatever, in the beds underlying the 
Zibingyi series anywhere else and in beds evidently laid down in 
such close proximity. 

Maymyo is situated on a piece of level ground surrounded on all 

sides by hills. On the west and south-west the 
^^^^^ hills show sandstone and siliceous limestone, 

dipping east by south at about 25^. North westwards the exposures 
are few, limestone being occasionally visible. But the hills to the 
south are even more disappointing, for in that direction it is difficult 
to come upon a piece of solid rock, a thick mass of soil overspread- 
ing the gjround everywhere. Towards the north, however, 1.^., on 
the footpath leading to Naungkangyi as well as that to Tonbo, and 
at a point about two miles north of Maymyo, yellowish shaly clays and 
sandy shales are exposed and they are found to be fairly fossiliferous 
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Crinoid stems, Orthoceras, fragments of trilobites, Orthisi Stropho- 
mena, Rhynchonella, etc., are derived from here, though often much 
distorted, owing to the great crushing to which the beds have evidently 
been subjected. Some of the shales are somewhat white and chalky, 
while others are ferruginous. 

Maymyo is on the 42nd milepost on the cart-road to Lashio on 

the way to the Kunlon Ferry, while Wetwin 

r**i*Vw' " or^^ ^" Wenwi " of map) is on the 5Sth. In proceed- 

ing from Maymyo to Wetwin by the cart*road 
exposures are few, but the rock chiefly seen is the calcareous sand- 
stone or siliceous limestone. If one goes along the railway track, 
beds of a greyish limestone with a distinct dip to the east are visible 
on the stream-bed about one mile east of Maymyo. Beyond this 
point, although the cuttings show the sandy limestone all along the 
li^e to Wetwin, they are found so pressed and crushed and 
broken that it is often difficult, if not impossible, to even make out 
the dip, and this state of things continues all the way to Wetwin. 
With the exception of a very few minute gastropods found about 
half-way between Maymyo and Wetwin, no other fossils were ob- 
tained from here. 

Just north of the village of Wetwin, i.e.^ by the 55th mile on the 

cart-road, the western bank of the road exposed. 

on being cut into a grey to yellowish toughish 
shale, and from this a fair collection of fossils was made, among the 
fossils being Pterygotus, Fenestella, bivalves, etc. 

The cart-road on leaving Wetwin runs at 6rst north by east and 

then a north-east course is maintained till it 
yau yarn, reaches Kyaukkyan on the 74th milepost. 
This interval from Wetwin to Kyaukkyan is almost a perfect blank, 
because of the ground being here low and level and nothing what- 
ever being seen except bits of limestone here and there. A good 
deal of alluvium overspreads the country. Even the hills, as between 
Sikho and Thonze, present no exposure of rocks owing to the thick 
soil. After passing over this blank of nearly eighteen miles, it is a 

great relief and satisfaction to come across, at 

If f yau y • Kyaukkyan, shales which yielded plenty of 

fossils. A low range occurs here, running north by west and south by 

east, and the railway passes through a deep cutting through this 

range. It is a fairly long cutting, and at the western end of it is 
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exposed a shale dipping eastwards ; in the centre occurs a thick- 
bedded, highly crushed and brecciated siliceous limestone ; while at 
the very eastern extremity, after a blank of 200 feet or so just 
beyond the central mass of grey limestone, is seen a darker grey 
limestone with a distinct dip to the west. Fig. 7 represents what is 
actually to be seen in the section along this cutting, while as to how 
I would read this section is represented in Fig. 8 (see Plate, Figs. 7 
and 8.) 

I thus make out a synclinal fold here. The easterly dip of the 

shales is unmistakable, and it seems also clear 
** « / »• • to me that the central limestone mass shows at 
its western portion a distinct bedding parallel to, and identical with, 
that of the shales. The rest of the central mass of limestone looks so 
confused and crushed that all signs of the original bedding has disap* 
peared, except perhaps at its very eastern border, where I think 
one can just make out a bed as dipping to the west. The westerly 
dip of the limestone in the eastern end of the cutting (f.^., through the 
darker-grey limestone) is perfectly clear. Thus it appears to me that 
the limestone in the eastern end of the cutting passes under, and is 
thus older than, the fossiliferous shales at the western extremity of 
the cutting. 

These fossiliferous shales are of course well exposed in the rail- 
way cutting, but they are also to be seen on the cart-road which 
passes close along the railway here. 

From Kyaukkyan the railway line as well as the cart-road run 

north-east by east as far as Nawnghkio, five miles 
^1JK^if31JKi?w«r ^^®™ Kyaukkyan, the limestone being observed 

on the route to dip at a smaH angle to the west. 
From Nawnghkio the railway proceeds towards the Gokteik gorge, 
in an east by north direction, while the cart-road runs nearly 
north, crossing the gorge at a point about 2 miles (in a direct line) 
north-east of the town. In the neighbourhood of Nawnghkio no 
good sections are available, but the beds must resume their easterly 
dip about here, for on the western side of the gorge close by the 
beds are seen dipping to the east* 

As one tollows the railway track from Nawnghkio to the gorge 
the prevailing rock is found to be the light grey, siliceous limestone 
with occasional calcareous blue beds and some sandy shaly beds ; 
the dip being east by southt The western slopes of the gorge at the 
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point ^here tbey are making the railway bridge are a good deal 
covered with soil and calcareous tufa and no good sections are 
visiblei but on the opposite, eastern bank, thick-bedded, siliceous 
limestones are well exposed, forming precipitous cliffs. 

The section across the gorge at the point where they are making 
the railway would roughly be like what is represented in the sketch 
section shown in Fig. 6 (see Plate), where the rocks seen on the 
eastern side of the gorge are, in descending order: — 

1. White calcareous sandstone, or sandy limestone (as at Yebin). 

2. Sandy shale, greenish white, thin bedded, soft, weathering black, with a 

masonry look on the weathered surface, in places brecciated. 
3 Fine-grained argillaceous shales (somewhat sandy) breaking up into smaH 
angular pieces. 

4. Blank. 

5. Fine-grained, white calcareous sandstone. 

' 6. Massive bedded white to light to dark- grey siliceous limestone. 
In Fig. 6, R. stands for part of the railway bridge as seen already constructed 
at the time of visit to the gorge, and N6 stands for the ^ natural ** 
bridge, composed of calcareous tufa. 

There is a " natural " bridge here (one of several in this neigh- 
bourhood) over which they are taking the 
"^^^ili'gi^^f^ Railway bridge. These "natural" bridges 

have been formed by calcareous tufa, i,e,^ from 
the re-deposition of calcium carbonate from waters containing the 
mineral in solution. 

If one proceeded, however, to cross the gorge by the cart-road 

from Nawnghkio, the section would appear to be 
^al^gthi !ir4T£' somewhat different from that observed near 

the Railway bridge. As he descends into the 
gorge, he will pass over, on the western side, siliceous limestones 
with purer calcareous beds, light to dark grey and bluish in colour ; 
greenish, rather hard, sandy shales, in places micaceous; sandy 
clays^ and red shales much indurated ; while on the eastern or 
Chaungzon side will be noticed limestones, arenaceous shales, and 
siliceous or sandy limestones. From the greenish sandy shales, 
between the 84th and 86th miieposts, on the western side of the 
cart-road bridge, fossils similar to those found two miles north of 
Maymyo were collected. On the eastern side of the gorge, at the 
88^ mile (a mile and a half past the Chaungzon Inspection Bunga- 
low), or about one mile north by west in a direct line from the 
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cart-road bridge over the gorge, a few fossils were also obtained from 
a somewhat arenaceous shale. The difference in the character of the 
two sections— one along the cart-road and the other by the Railway 
bridge — is due to the fact that, while in the northern (cart*road) 
section across the gorge older beds are exposed in the deeper parts 
of the gorge, only the higher (younger) beds are to be seen along the 
railway track. 

On the eastern side of the gorge a new difficulty presents itself. 

Hitherto the vegetation and soil had been a 

^^\fii^gjgi. drawback bad enough ; but now the surface red 

soil| resulting from the decomposition of the 
rocks in silUf assumes such thickness and proportions and is so 
widespread as to baffle all attempts at getting at the solid rocks 
underneath. The railway cuttings near the gorge, which are in 
places of considerable depth, show the most irregular and curious 
way in which the rock (limestone) has been eaten into in the course 
of its decomposition from above. And this state of things prevails 
over a considerable distance as one proceeds north-eastwards from 
the gorge towards Pyoung-goung and Thibaw. 

A mile and a half beyond the Gokteik Inspection Bungalow, that 
_ .... . I .ji is, about loo yards short of theoTth mileposton 

FoasUtffrom shales two ' -^ 7 .. , X , ., 

miles north of Gokteik the cart*road. Or two miles north of the Gokteik 
** ^'' village, was discovered, on the eastern side of 

the cart-road, i.e., between the cart-road and the railway track, which 
are only a few yards apart here, at the bottom of an excavation from 
which the soil had been extracted for making the railway road, a 
very fine-grained, well laminated, purely argillaceous shale, grey to 
bluish in colour, but occasionally carbonaceous, and splitting up well 
along lamination. A rather interesting group of fossils was obtained 
from these beds. A short distance south-east of this spot and on the 
eastern side of the railway line are exposed, at the foot of a hill, 
some white sandy limestones; these also yielded a few minute bivalves 
and gastropods. These two collections constitute all the fossils that 
could be got in the neighbourhood of Gokteik village. 

Although physically the Wetwin shale somewhat resembles the 

Gokteik shale just described above, the fossil 
Weiwin ^^.^^jf**f contents show that they are not the outcrops of 

shales not tdenttcai. ,.,/., . ,.« ^r 

the same beds and that the one is different from 
the other, the former being of an older age than the latter. 
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FuiiU tuar Loiyang, 



On the way to Pyoung-goung, with the exception of a few minute 

gastropods derived from some limestone near 
Py0ut!g'^Hf^. Tengwing, between the ggih and looth mile- 

postSy where the beds are seen dipping at a small 
angle to E.25^N.» nothing whatever was obtained in the way of fossils, 
most of the exposures being bits of limestone at the bottom of 
quarries dug in connection with the railway making. The hills on 
either side were here and there explored, but the thick soil on them 
defied all attempts to get at the rocks beneath. 

Among the hills to the east and north-east of Pyoung-goung there 
are some outcrops of thick-bedded limestone dipping east by north 
at 10° to 15**, They yielded however no fossils. 

From Pyoung-goung (on the 105th mile • on the cart-road) to 

Lwekaw (on the ii6th mile) hardly any ex- 
^^^^Lwiawy^ posures are visible along the cart«road, but 

sections are available along the railway line. 
Proceedings then, by the latter : From some limestone exposed in the 
railway q^iarries on the eastern side of the line, just south of Loiyang, 

a village one mile north of Pyoung-goung, some 
minute gastropods and sections of fossilS| not 
recognizable, were obtained. Numerous cuttings, principally through 
siliceous limestones, occur along the line, all exhibiting signs of 
much crushing, but yielding no fossils. But at a point four miles from 

Pyoung-goung there is an exposure of a soft 

'«/%;;"»l^^X*" y^"°^ '»^*'^ "^^'"^ y''^^^^^ numerous Fene- 

Stellas, Crinoid stems, a trilobite, some coralS| 

and bivalves. This is succeeded by a blank for three milesj when 

again, that is, about three miles west of 
^^eZytZrJ^' Lwekaw, a good section of limestone is ob. 

tained. The rock here is rather thin bedded 
mostly and grey in colour, some of the beds being, however, bluish. 
From these were extracted some ferns and bivalves. The dip here 
is east by north at 25°. From here to Lwekaw the section is nearly 
a blank, except some beds of limestone seen on the stream.>bed at 
Lwekaw itself. 

From Lwekaw to Kyinsi (on the 125th mile), a distance of q| 

Lwekaw uKyinsi. "^*^^^ ^^ ^^^ cart-road, exposures of limestone 

are occasionally met with along the cart-road 
but though no success resulted so far as the. finding of any fossils 

1 
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went, that does not of course prove that these beds are not foS'^ 
siliferous. The railway track, however, gave better results. The 
section is a blank for some miles from Lwekaw. At a point about 
three miles west of Kyinsi, which is situated near the mouth of the 
Namsim river, a fine section of argillaceous shales with limestone is 
exposed, but this yielded no fossils. Nearer Kyinsi, however, there are 

several small cuttings between i and i^ miles 
^,^IV^/Ky'^. ^--o™ Kyinsi. Argillaceous grey and reddish 

calcareous shales with grey and blue limestones 

exposed here are very fossiliferous. The dip here is north-east at 

«.t ^ ., J ^. f 45° These fossils being similar to those of the 

The9§fosstU identical ^^ , . . , , ^ ,, , , 

with the Kyaukkyan Kyaukkyan beds, we have at Kyaukkyan and at 

Kyinsi outcrops of the same beds. Going on 
towards Kyinsi, the exposure by the cart-road bridge on the Nam- 
sim, a little above its mouth, yielded some plant-remains and 
corals. 

From Kyinsi (125th mile) to Thibaw (Hsi Paw), which is on 

the 132nd milepost on the cart-road to Lashioi 

Kyinsi to Thibaw, t.i , • 'ui i_ 4.1. 

"^ no solid rocks are visible whether one pro- 

ceeds by the railway or the cart-road. There is a saline spring at 
Bawgyo, from which the Burmans extract, by simple evaporation, 
a lot of salt for purposes of sale. 

Thibaw itself is in a valley and gives no sections either in the 

town or in its immediate vicinity. The ^-inch 

me of this neighbourhood, is also far from 
satisfactory, so far as the hills in the immediate neighbourhood of the 
town are concerned, adding thus to the difficulties of one's work. 
Going on to the hills to the north-west and north of the town, one 
finds, by the village of Honam (not on the map, but near " Babaiki " 
of map) exposures of limestone, which is here a pure rock, quite 
free from any admixture of sand, passing, traced eastwards, into an 
argillaceous shale, finely laminated, pale yellowish green in colour, 
and somewhat calcareous at first, but gradually being free from the 
calcareous element and giving place to a grey and greenish, purely 
argillaceous, shale. The limestone above the village yielded sec- 
tions of bivalves, not, however, recognizable ; but in the small expos* 
ures available of the shales into which the limestone is seen to pass, 
I did not succeed in finding any fossils. The shales are here vertical, 
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striking nearly north and south. On the hills north-east of this point 
shales are clearly visible at places. Going on again to the hills north 
by east of Thibaw, bits of a sandy limestone are at first passed over as 
if the parent rock in sifu below were a calcareous sandstone 
or arenaceous limestone. Proceeding further in the same direction 
fragments of sandstone' are seen. After a blank, a conglomeratei 
composed of fragments of limestone and of sandstone, is met with. 
The pebbles are of different dimensions, same measuring as much 
as 6 inches in length. Some of the constituents are well rounded, but 
a good many exhibit an angular outline. Proceeding further, no 
regular beds were seen, but fragments of sandstone were noticed on^ 
the ground. A spotted variety of the sandstone was noticeable as 
being very abundant— the rock being a light grey sandstone witb 
evenly distributed fine dots of red. Beyond this point the ground 
became obscure. 

Crossing over to the southern bank of the river at Thibaw and 

proceeding along the cart-road eastwards, within 
« o ongsa, j^^jj ^ ^.j^ ^j ^^^ Thibaw Inspection Bungalow 

(At I33ith mile) the ground rises by the left bank of the river, but 

no solid rocks are exposed until about quarter to half a mile farther 

c ^^ J .^ , beyoriti, where a sandstone is seen. It is a 

Sandstone and shales, , 

with impure calcareous hard rock, medium to coarsish-grained, yellpw to 
- brownish green, anH much jointed ; but as one 

goes on a reddish or reddish-purple variety of the rock, interbedded 
with thin bands of purplish shales, and in one place an impure 
thin calcareous band, are noticeable. The rock is, however, beauti- 
fully exposed a little farther on, that is, in the railway cutting od 
the right bank of the river, at a point two miles due east of Thibaw. 
It is a reddish purple, rather fine-grained sandstone, thin to thickisb 
bedded, with intercalated shales of the same colour, dipping E, 35° S, 
A^ 55^* ^^ going on, by the cart-road, to Kongsa, about nine miles 
east of Thibaw, the reddish-purple sandstone and shale constitute 
the chief rocks seen, but about one mile west of the Kongsa 
Bungalow, a very impure limestone, evidently interbedded with the 
sandstone and shales, is seen. 

Thus from the examination of the ground in the neighbourhood 

Near Thibaw limestone ^^ Thibaw it seems to me that the limestones 

seems to pass into shales pass into argillaceous shales, which become 

ne. gradually sandy and eventually pass into the 

\2 
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red and purple sandstones east of Thibaw. The conglomeratic band 
seen three miles north by east of Thibaw apparently marks only local 
denudation. As I had to resume my return march to Maadalay 
from Kongsa^ my examination of the ground did not extend beyond 
this point. 

Having now cursorily glanced over the character of the different 
rock-exposures one meets with as one passes along the Mandalay- 
Lashio cart-road or railway track from Mandalay to Thibaw, and 
pointed out the various localities which have yielded fossib 'during 
the season, it now becomes necessary to indicate the general structure 
of the ground, showing the relations of the different groups of rocks 
with one another and their probable age. 

The rocks passed over from Tonbo on one's way to Thibaw 

may be arranged into the following divisions :— « 

Rocks elagsified. 

(i) Tonbo beds* 
(a) Zibingyi beds. 

(3) Maymyo beds. 

(4) Wetwin beds. 

(5) Kyaukkyan beds. 

(6) Gokteik beds. 

(7) Thibaw beds. , 

By Tonbo beds I shall indicate the sequence of the limestone beds 

forming the foot-hills of the Shan plateau, %.e,, 
Tonbo Seri4s. ^j^^ j^jjj^ j^^ ^j^^ neighbourhood of Tonbo and 

Sedaw. The rock is purely a limestone in the neighbourhood of 
Tonbo and it is only by Sedaw that argillaceous shales begin ta 
appear. The limestone passes gradually into shales which, from an 
ordinary grey or mud-coloured variety, passes into a red kind. The 
north-and-south valley, a little to the north-east of Sedaw, evidently 
resulted from the excavation of the red shales, etc., that form a 
syncline here, the syncline being followed eastward by an anticline 
whose eastern limb is now exposed about the 17th milepost, that 
is, the third and fourth reversing points on the railway and also 
between I7tb and i8th mileposts on the cart-road. These red shales 
pass up into dark grey shales and these into limestone. In this 
series may thus he included all the beds as far as the base 
of the Zibingyi syncline. The beds near Nyaumbaw with the 
Crinoids, Orthocerasy Echinosphsritesy etc., will thus come in in 
this series. 
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The fossils found in the Tonbo beds are corals [Syrtngophora^ 
Strombodes ?), brnchiopods, lamellibranchs, gastropods {Euomphalu5)y 
stems and arms of Crinoids^ Echinosphaerites, Orthoeeras, Gomph^ 
oeeras}^ etc. These have not been specifically determined yet> 
but they point to a lower silurian age. 

Under the (lesignationof Zibingyi series are included the lime- 
stones and shales forming the synclinal fold at 
ngyt enes, Zibingyi It does not seem to me of much use 

or profit yet to attempt to subdivide these beds into more than two 
divisions, namely, an upper one, containing graptolites, and a lower 
one with the trilobites and Styliolas. Orthoeeras and Crinoid 
remains occur everywhere, abounding as they do also in the 
Tonbo beds, and so they are not of much help in a minuter classi- 
fication of any of the beds here. 

The Zibingyi series of beds occur in three little separate ftreas : 
one at Zibingyi itself, the second about Pyinsa and^Thongdaung, 
and the third just north of the Thongdaung Railway Station. 

The specimens of graptolites that have been collected from these 
localities are all of the monoprionidian order, not a single diprioni- 
dian graptolite having been found in them. Hence the presump- 
tion is that the Zibingyi series of beds are, to judge by the grapto- 
lites alone, of the upper silurian age. 

The Zibingyi beds pass up into shales and limestones with intro- 
„ . duction of sandy elements amongf them. Some- 

times the rock is an arenaceous limestone or 
calcareous sandstone ; at other times it is a pure sandstone ; these 
varieties being well seen as one passes from near Waboye to Maymyo. 
The hills just west of Maymyo are composed of this siliceous 
limestone and calcareous sandstone. About two miles north of 
Maymyo argillaceous shales, somewhat sandy, are exposed^ and 
Orthis, Strophomena^ Fenestella, fragments of trilobites, etc., have 
been found in them. Apparently the siliceous limestones, etc, seen 
west of Maymyo pass up into these shales and as the fossils indicate 
a silurian age, the Maymyo series of beds seem to belong to the 
upper silurian period. 

The beds exposed in the deeper parts of the Gokteik gorge, as seen 
by the cart-road bridge, are silurian in age. But no characteristic 
fossils having yet been found in those exposed in the upper parts of 
the gorge, as seen by the Railway bridgCi it is difficult to say if they 
are devonian or carboniferous. 
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The name of Wetwin (*/ Wenwi *' of map) series may be applied 

to the £:roup of rocks in the neighbourhood of 

Witwin Sitiea . • 

Wetwin, a fairly good collection of fossils 
having been yielded by them. The fossils were found in a band of 
toughish shale interbedded in the siliceous limestones. A band of 
ironstone occurs a little below the fossilife'rous shales. Among the 
organic remains found here occur Fenestella, Hyolites?, lamelH- 
branchSj Entomis serrato-striata ?, and Pterygotus, which would 
seem to point to a devonian age. 

If the Wetwin beds are devonian, it is not likely that the shales 
seen 2 miles north of Mayrayo on the way to Naungkangyi are other 
than upper silurian. For if they were lower silurian, faulted up 
against the upper silurian siliceous limestones of the hills just west 
of Maymyo, it is difficult to explain the total and entire absence 
of the upper silurian Zibinfyi beds between Maymyo and Wetwin. 

There is a blank of 18 miles between Wetwin and Kyaukkyan 

in which only an occasional outcrop of lime- 
^^^ *' stone is seen. At Kyaukkyan, however, the 

shales at the western end of the railway cutting are highly fossili- 
ferous. This series of beds — the shales with the associated lime- 
stones-— at KyaukkyaUj may be termed the Kyaukkyan series. 

By the 97th mile post on the cart*road, or 2 miles north of 

Gokteik village, occurs a dark grey toughish 
shale which has yielded some rather interesting 
fossils. These shales with their associated beds I will designate as 
the Gokteik series. 

The limestones as seen in the hills north of Thibaw, pass into 

argillaceous shales and these apparently into 
the reddish-purple sandstones so well exposed 
on the railway cutting 2 miles east of Thibaw. No fossils have been 
found in them, but from their position they are younger than the 
Kyinsi beds. These shales and red sandstones with limestone consti- 
£ute the Thibaw beds. 

Now the Kyaukkyan fossils appear again between 123rd and 124th 
milepostsy near Kyinsi, and in the interval between these points, in 
twolocalities, namely, oneat2 miles north of Gokteik village and 
the other at 4 miles north-east of Pyoung-goung, fossils were dis- 
covered. As there are considerable gaps between these several 
points of fossiliferous exposures, the structure of the ground must be 
mainly dependant on, and inferred from, the nature of these fossils. 
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From the occurrence of a synclinal fold at Kyaukkyan, as 1 make 
-^ ^ . . 't out to be, and the repetition of the Kyauk- 

kyan beds at Kymsi, the strucfure of the 
ground would appear to be simple, «>., a syncliiie followed by aa 
anticline^ as attempted to be diagrammaticaily represented by 
Figure 9 (See Plate, Figure 9) which, if true, would make the 
Gokteik and Pyoung-goung fossiliferous beds oHer than the Kyauk- 
kyan (or Kyinsi) beds. All the fossils have not yet been 
specifically determined, but I understand that the Kyaukkyan 
fossils are regarded as devonian. As regards the Pyoung-goung 
fossils, there is, I believe, nothing in them to prevent their being 
regarded as devonian or perhaps even silurian. But this does 
not seem to me to be the case with the Gokteik fossils, I have 

Chafacters of som€ of "°* ^®«° ^*^'^ *^ identify them yet, but will try 
the /ossils if/ike Gokieik to indicate some of the characters of the most 

important ones here, all of these belonging 

to the Arthropoda. Fossil No. (i). This presents an outline 

broader in the cephalic end and tapering towards the tail, with 

the limbs, all of them apparently situated near the cephalic end, 

well segmented and with the minute hairs on them distinctly 

visible; and there is no indication of segmented limbs with hairs 

towards the tail, which looks flattened and fan^shaped. There is no 

sign of trilobation whatever in any of the specimens of this fossil, 

and no haired limbs at the tail end. All this would seem to me to 

point against its being a trilobite. The resemblance of the organism, 

however, to a macrurous decapod appears to me to be close. Foissil 

No. (2), That this also belongs to the Crustacea there seems to be 

no doubt. With its body slightly bent and tapering towards the tail,' 

and with its dorsal segmented chitinous or horny-looking carapace,' 

and segmented ventral limbs, the resemblance is so closeandF striking* 

to some of the macrurous decapo^is that 1 can scarcely entertain any 

ddubt in my mind as to its being one of them, Fossil No. (3). In 

this only a portion of the posterior terminal or tail end of the animal 

is preserved. I do not feel quite sure about it, but the resemblance 

leads me to regard it as belonging to Eryon, also a macrurous 

decapod, or to a crustacean closely allied to it. Fossil No. (4). 

The outline of the organism is oval, the cephalic portion present- 

ing a conical section, with segmented slender limbs about the 

shoulders and about the region corresponding to the pelvis. In 
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some of the limbs the hairs can be well made out. Everythinsr cofl'- 
sideredj it looks like the remains of an insect of the Hemiptera or 
Coleoptera order. Besides these, other specimens, collected also 
from here, appear to be fragments and portions of wings and other 
portions of insects. 

Now Hemipterous insects appear in the Silurian period and 

range up to the present day, while Coleopterous 
Inference from these insects do not appear till the trias. So, as far 

as the insect remains here are concerned, they 
do not help us much in determining the age of the Gokteik beds. But 
should the other Crustacean fossils really prove to be the remains of 
macrurous decapods, as they appear to me to be, then, since no 
typical decapods appear until the trias is reached, the Gokteik beds 
cannot be older than trias and must be triassic or younger. Should 
the Gokteik beds be then mesozoic, they must be supposed to have 
been faulted in against and between the devonians at Kya^ukkyan 
and Kyinsi, should the beds at Kyaukkyan or Kyinsi be devonian. 

Should the above be the correct interpretation of the structure of 
the ground, then the Thibaw beds (the limestones, shales and the red* 
dish-purple sandstones ^), being higher in the sequence than the 
Kyinsi beds, must be looked upon as upper palaeozoic. 

The fossils collected this season have not yet been examined 

closely or determined specifically, and until 

^''t^eT**^ ^w'*. '*' ^^^^ '® ^^"® ^^^ ^^^^® explanation as to the 

structure of the ground must be regarded as 

provisional. Such being the case, it may perhaps be permissible 

to indicate here any other view or views that may have been 

entertained as to the possible age of the beds and structure of the 

country traversed this season. As already indicated, I took it that 

there was a sharp syncline at Kyaujckvan, followed by an anticline, 

the eastern limb of which was now exposed at Kyinsi ; and that 

all the beds— the Gokteik series — between these points, lying under 

this anticlinal fold, were thus older than the Kyaukkyan or Kyinsi 

beds. Should theGoktF-i k beds be triassic or younger, the Kyaukkyan 

beds would necessarily be younger still, that is, middle or upper 

mesozoic;' and in that case the shales and red sandstones of the 

* These are the red sandstones of ondetermioed a^e of Dr. Noetling. Pec. G. St J., Vol. 
XXIV, pt. 2, pp. 103 and 104. 

> I may add here thai in the Kyau kk> an collection (here ate some fossils which are so 
remarkably likesonr.e mesozoicones that s hruld they prove to be what they look like, they 
would carry the age of these beds inlo the upper mcfcotoici naintlj, cretaceous, period. 
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neighbourhood of Thibaw, being younger than the Kyinsi beds, would 
be cretaceous or even tertiary. I might state here that the conglo- 
merate and red sandstone I have described as occurring near Thibaw 
present such close resemblance to the same rocks found by Mr. 
Middlemiss this season in the southern Shan States, not very far 
from our own ground, that in all probability whatever the age of 
the one is also the age of the other^ and I believe Mr. Middlemiss 
is inclined to look upon them as of tertiary age. 



Economic Geology — Among the economic products come across 
during the field season just ended may be mentioned :— 

(i) Metallic ores, 
(a) Limestones. 

(/) Metallic Ores. — Ferruginous ore is the only metallic ore I 
met with in my traverse from Mandalay to Thibaw. The localities 
where I saw this are— 

« 

(i) Between the third and fourth furlong posts past the 39th 
mile on the Mandalay- Lashio cart-road, or 2\ miles 
beyond the village of Singaung, or about three miles 
south-west of Maymyo a highly ferruginous rock is 
seen along the roadside. It looks rich in iron. The rock 
can be traced for 30 to 40 yards along the road, but 
want of exposures makes it difficult to estimate its 
probable extent. 

(ii) About half a mile north of a little village called Twinnge^ 
which lies a little over two miles due north of Thong- 
daung Railway Station on the Mandalay-Kunlon Rail- 
way, is a hill whose top, i>., so much of it as is exposed, 
shows masses of a very rich iron ore^ probably 
haematite with magnetite. The surfaces of the masses 
of the ore are seen covered with minute magnetic, 
needlelike rods which move about as one passes one's 
hammer over them. There is no doubt that it is a very 
rich stuff, but the ground around and about the hills 
must be a little more cleared before one could estimate 
with any degree of certainty as to the quantity of the 
ore here, which is apparently large. 
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(iii) Some ferruginous rock was seen by the Wetwin village, 
about the 55th milepost on the cart-road, apparently 
bedded and underlying the Wetwin fossiliferous shale. 
I saw this rock again about a mile and a half east by 
north of Wetwin. So this is in all likelihood a 
ferruginous band of ironstone occurring associated with 
the shales here. 
{2) Limestone, — ^This rock, it is needless to say, occurs here 
extensively :— 

{i) It is being used for road metal, 
(f I*) It can be, and is being, utilized for making lime. 
(iii) When selected it would also, no doubt, make good build- 
ing stones. 
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I. — General Remarks. 



The notes which follow were made during a short season's tour 

(from early in December 1899 to the end of 
^•^*'%t!"''*'^ ^^arch 1900), and do not pretend to be any- 

thing more than rough geological jottings. 
My object was to cover as much ground as I could in the allotted 
time, arid to ascertain the possibilities of the country, rather than 
to make even a sketch-survey* No attempt at detailed mapping was 
made. My marches generally were either daily or with one day's 
halt^but rarely more than one. They were also made along definite 
lines across the country, the shortest routes in fact available. 

In most parts visited a more elaborate survey would, for the 

Present MficUies in P'*>«"'' ^''"^ ^^^ °"* ""^ P'^"" ^^J' ^'^^^Y' 

the way of a detailed the country, which has Only been indirectly 
**"*^' administered by our Government for thirteen 

years, is not yet one in which the searcher after scientific facts can 
feel entirely at home. He is hardly allowed to travel by himself and as 
he lists. In some cases he must have a police-guard or even a mili- 
tary escort. He is still liable to be treated as a guest by the people 
of the states, and his actions consequently hampered in a multitude 
of easily-imagined ways by all that is implied by the word guest. 
With all laudable intentions the native state officials seek to make 
much of him — to meet him with processions, to call upon him with 
gifts, in and out of season. Secondly, the physical conditions of the 
country through which I passed are against detailed work» at least at 
present; whilst over much of the area, unless useful minerals are 
founds I am of opinion that any approach to real geological mapping 
cannot advantageously be done. These physical conditions briefly 
stated are : (i) heavy jungle and sparseness of footpaths, except 
along the higher and flatter plateaux, which necessitate the geologist 
keeping to arbitrary beaten tracks : (2) scarcity of villages and sup- 
plies with the exception of the plateaux noted above ; and which 
again necessitates a pre-arranged plan of tour, and one that must be 
kept to at least generally, in spite of vagaries of the rocks (this is 
notably the case in Karenni) : (3) the nature of the dominant rock 
formation, which being a massive limestone presents all imaginable 
difficulties to the stratigraphist, chief among which are absence of 
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distinct bedding, irregular weathering, chaos arising from underground 
drainage, local subsidences and the rareness of erosion channels 
exposing anything but tumbled blocks; absence of striking petro- 
logical horizons that would help out the last difficulty if present by 
furnishing a key to their unravellment; and last, but not least, the 
absence of railway-cuttings and road-cuttings, except in the solitary 
case of the Government cart-roa'd from Thazi to Mong Pawn, This 
last is really of more consequence than it seems, especially when it 
is considered in connection with the nature of the rock; for the 
tendency on every hill-side is for the thin-bedded shaly layers 
(which are the most likely to yield recognizable fossils) to be com- 
pletely obscured by the chaotic tumbled blocks and the thick 
surface clay into which they weather. 

In the third place, though much of the southern Shan States has 
been topographically mapped on the i inch=i mile scale, some of 
it, and especially Kacenni, has to be content with nothing more 
advanced than the \ inch = i mile reconnaissance sheets, which in 
hilly forest* cove red country are almost useless for geological purposes. 
In the fourth place, beyond the narrow zone of crystalline igneous 
and metamorphic rocks fronting the Irrawaddy plain, there are no 
igneous rocks whatever in the area visited by me, neither bosses, 
dykes, nor contemporaneous volcanic flows. Thus all interest 
centering in pure petrological work has no scope in this part of 
Burma. 

In spite of the above rather formidable array of difficulties in 
the way of an elaborate geological survey, as understood generally, 
it is hoped that the results I have obtained, sketchy as they are, will 
at least lift the veil of ignorance under which its geology has hitherto 
Iain ; and, taken together with Messrs. La Touche and Datta's 
recent work further north, furnish a rough guide to the general 
geology of part of this eastern frontier of the empire. 

Owing, as already stated, to the political disabilities whic}i obtain 

in these frontier parts of our empire, my 

Obligations, / , . , , , . 

traverses, except along the bungalow-studded 
Government cart-road, were somewhat of the nature of personally 
conducted tours, made under the auspices of one or other of the 
civil officers in charge of the native states. For the arranging of 
these I have to express my great obligation to Mr. A. H. Hildebrand, 
CLE., Superintendent and Political Officer of the southern Shan 



area. 
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States, who (at rather short notice) gave me most efficient help. To 
Mr. C. E. Browne, Extra Assistant Commissioner of the Myelat, I 
am indebted for his taking charge of me during the early part of my 
tour, and for his personal interest in and carefully collected data 
about, the mineral wealth of the states under his care; and to 
Mr. W. G. Wooster, Assistant Political Officer of Karenni, who took 
me over from Mr. Browne and piloted me pleasantly and successfully 
through the Karenni country, and saw me across the Toungoo 
border. To the above especially, and to several other civil officers 
resident in Taunggyi in a less degree, I have to tend my best thanks 
for many courtesies and kindnesses received in this, to me, rather 
strange land. 

Although the greater part of the country traversed by me was 

geologically unknown, a few localities had been 
Previ^iworkinthU rapidly visited by my late colleague, Mc. E, J. 

Jones, A.R.S.M., in 1887, for the purpose of 
investigating' the coal, lignite and other minerals there found. His 
results are given in Records, Geological Survey of India, Vol. XX, 
Part 4, 1887, pages 177-194. His operations were conducted under 
conditions far less favourable than mine, and at a time when the 
country was only just recovering from anarchy and from harassment 
by dacoit bands. Furthermore, the only map he possessed was on 
the scale of -^ inch= imile. Hence he made no attempt to delineate 
the formations or to generajize his geological jlata, and confined 
his notes strictly to the mineral occurrences which he investigated. 
Dr. F. Noetling in more recent years paid some similar brief visits 
to the country immediately to the north of my area, and has published 
his notes in Records, Geological Survey of India, Vol XXIV, Fart 2, 
page 103. Mr. La Touche, who contemporaneously with me has now 
been visiting the northern Shan States, has added to and amplified 
the above geological data. He i» reporting on his work so that I 
need not recapitulate them here. In the Manual of the Geology of 
India, 2nd edition, page 142,3 brief allusion is made to the prob- 
able continuation north along the Salween river of the Moulmein 
carboniferous limestone. 

So far as I know, the above embody all the co-ordinated inform- 
ation that has been gathered by qualified geologists in this 
area. 
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II.— -Physical Geology and General Tectonic Features 

OF THE Area. 

Before describing the traverses 1 have made through the area, it 
will be well to state shortly and comprehensively for the whole of 
that area such salient facts as to the physical geology and the 
general style of rock architecture, and tectonic geology as, notwith- 
standing the poor sections and absence of striking stratigraphical 
horizons, have nevertheless made themselves sufficiently evident to 
me. 

To begin with| the whole earth's crust of this part is a great 

elevated compound zone of disturbed rocks 
pfun7Bo^7p^m1iuon. Comprising three or four minor stratigraphical 

or compositional zones. It consequently is a 
region of special upheaval resembling the^ Himalayas, and embraces 
hill- ranges of considerable height; all, however, in this latitude well 
below snow level and the influence of ice in any form. 

The hill-ranges run mainly in directions roughly north and south, 

and are divided by eroded longitudinal valleys 
of, as a rule, no very great steepness except in 
the case of the Salween and Pawn rivers. The minor parallel 
streams are frequently very irregular and indiscriminate in their 
courses, complicated as they are by sudden underground dis- 
appearances, and by sharp cross branches which dash through gorges 
at right angles to the ridges and may then turn either north or south. 
Except for the larger and deeper valleys just mentioned the 

greater part of the area I have crossed, besides 
being characterized by parallel hill-ranges and 
valleys, is as a whole of an elevated plateau aspect. Wherever 
great masses of the limestone formation are in force they build scarps 
and plateaux in numerous array — a Vesult which may in many cases 
be seen to be due to a roughly rolling dip of the great thick-bedded 
formation, but in other cases is helped out by sub-recent or uppermost 
tertiary deposits infilling what were once shallow valleys between 

alternate scarps^ 

But with all this I have not been able to gauge the approximate 
^ ^,,. compression, folding, and faulting that have 

Amount of folding , ,, ^ , , 17 •*. • • -ui -^u 

and compreanon of the actually taken place. For it IS impossible with- 
ana uncertain. ^^^ distinct bedding and marked fossil, petrolo- 
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gical, or colour horizons to distinguish a series of superposed and 
closely packed overfolds, sigmaflexures and lying anticlinals and 
synclinals from a gently undulating series of normal folds. 

That, howeveri the plateaux are not altogether simple, normal 
undulations of a vertically elevated block of strata, seems indirectly 
certain from a variety of considerations. In the first place there 
are the remarkably straight boundaries between different formations ; 
there is also the tendency to a universally oriented strike whenever 
it can be observed, and, as a corollary to the above, an arrangement 
of the formations in straight bands and a (broadly speaking) settled 
sequence of them from west to east wherever a line of section is 
taken. 

Hence^ this Southern Shan plateau differs somewhat from a 
typical table-landy and possesses some of the characteristics of 
mountain areas like the Himalayas, which have suff'ered distinct sets 
of lateral compressions at different times with crumpling and possibly 
overthrust accompanying such. But along with this qualitative 
statement it is quite impossible at present to write down how much^ 
and to what extent, these earth movements have progressed. 



III.— Stratigraphical and Compositional Zones. 

As already stated^ the geological fabric of these hills may be split 
dp into a number of steadily striking zones or bands, of distinctive 
character as regards stratigraphy and composition. They lie parallel 
to one another, and they' generally outcrop in a definite order from 
west to east. Although the imperfections of the sections give no 
clue ^o the exact style and amount of folding, and by consequence 
no evidence as to the relative positions of these distinctive bands in 
the geological record^ there are other considerations which enable 
us to place them provisionally in the following order of time 
sequence :— 

Order of Zones. 

(i) Gneissic and Metamorphic Zone, 
(a) Great Limestone Zone. 

(3) Purple Sandstone Zone. 

(4) Sub«recent conglomerates, sands, and loams. 
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(/) Gneissic and Met amorphic^ Zone* 

I am compelled to put this as the oldest of the sequence because 

of its archaean facies in part. In many ways it 
«,irfiiJam^M»?Adi*. presents an appearance of great age, for it 

contains true gneisses with intrusive plutonic 
veins, and also much metamorphosed, foliated, cleaved, and cataclastic 
rocks. 

So far as I have observed, it is confined entirely to the western 

edge of the described area, and, though not 

^'::&Vff^' P0"«ca»y »°<=J"<^ed with the southern Shan 

States, it forms topographically the western 
front of the Shan States plateau. 

This western ed^ rises sharply from the alluvium-covered plains 

which form part of the Meiktila, Yamethin, and 
urfaeefea ureu Toungoo Districts and along which, in full view 

of the gneissic zone, runs the railway from Rangoon northwards. 
As seen from near Thazi railway station, the near hill-sides, spurs 
and ravines of this elevated zone gfive evidence of free sculpturing 
at the hand of time. Their towering, sharp-edged ridges, with wide 
and deep gorges and flowing slopes between, show up remarkably 
like much of the older zones of the Lower Himalayas. Degradation 
is evidently accomplishing its work, and the thin, acute-angled, 
irregular, and vermiform summit ridges are being scored and fretted 
away into all those shapes so characteristic of a relatively old land 
area — ^a condition only antecedent to complete extinction. 

What is the structural relation that this zone bears to the allu- 
vium-covered pliocene and miocene plairf at its 

Nature of western edge ^ ;. xir-^i. ^ • r ^ i 'n 

of Zone. lOot? Without any younger foot-hills separating 

the two, the straight unwavering western 
margin of the zone probably indicates a north — south fault. Accord- 
ing as we attribute great intensity or not to the crumpling forces 
which upheaved the plateau, so must we regard this fault as a fold- 
fault or a simple upthrow fault. In any case it is likely that it was 
not a sudden disruption of tertiary age, but a line of more or less 
continuous movement that went on for long ages during the geological 
history of this part of Burma. 
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This gneissic and metamorphic zone is of narrow dimensions com« 

Width fik one P^fed with the great expanse of rolling plateau 

t further east. In the cross-section from Hlaing- 

det to Pyinnyaung it is about twelve miles, the first four of which 

are gneissic. 

The gneissic rocks, as seen in the road cuttings about seven miles 

from Hlaingdety and as found in fragments here 
^'^~^';S5i!' '^ ^ and there on the hill-slopesand talus fans, are not 

unlike many of the mixed gneisses of Salem 
and Coimbatore in the Madras Presidency. They are well foliated' 
micaceous, and hornblendic gneisses. Intrusive among them are veins 
of pink syenite, white pegmatitic granite: and tine grey micro-granite 
containing biotite and muscovite. These veins are non-foliated, and 
have been intruded across the foliation of the gneisses. No other 
good exposures of these rocks are seen on the road. 

At the i8th milestone from Hlaingdet where thp cart-road from 
the valley begins to wind among the hills towards Yenmabin there 
set in sub-metamorphic quartzites and slates. All are much smashed 
by earth crushings which have splintered them or split them up into 
platy layers. In this respect these rocks have a remarkable 
Himalayan facies. Near Yenmabin a fine-grained gneiss occurs and 
some pale coloured quartz felsites or micro-granites. East of 
Yenmabin the white quartzites and slaty rocks are less metamorphos- 
ed, and plainly indicate their sedimentary origin. Interbedded with 
them are occasional very thin bands of dark blue-grey limestone a 
foot or two wide. All are very much smashed. Further north-east 
towards Pyinnyaung greenish grey dark quartzites and black slaty 
sub-schistose rocks continue— all much fractured — and there are repeti- 
tions of all the rocks from Yenmabin over again. Near Yebokson 
there is a green and white mottled gneiss. 

East of Toungoo a section across this same zone from west to east 
is much more unsatisfactory from the fact that there are no road- 
cuttings and the surface exposures are extremely rare. There are 
evidences in the stream-beds, however, showing that gneissic rocks, 
quartz-schists, and other metamorphic strata are there found. A 
large development of a very coarse unfoliated porphyritic granite is 
seen to the west of Leiktho. It weathers into gigantic rounded 
boulders, destitute of foliation or banding and contains hornblende 
and black mica. The eastern edge of this zone cannofe be very 

K 
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definitely placed, but it must come somewhere mear the longitude 
of Yado. 

{si) Great Limestone Zone. 

In a very wide sense this zone may be considered as the only 

other one existing. It is in fact, the characteris- 
fo^LZVln tiL^'^^ln tic zone of the Shan plateau proper. Never. 
6/iiin staus, theless it is partially interrupted along certaio 

lines by two other distinct minor stratigraphical zones presently to be 
described. At one time during the progress of my work I had hoped 
to further divide the great limestone zone into sub-zones of separate 
geological age and of slightly different composftion. Further work 
south of the Government cart-road has, however, shown me that e^en 
if any differences might be made on palsontological or petrological 
grounds (as to which no positive evidence is yet forthcoming) the 
rocks could not certainly be traced north and south in recognizable 
bands in the same definite order that I consider necessary if they are 
to b3 }udged of any value as structure zones that imply anything 
vital regarding the evolution of the mountain mass. 

Every traveller and dweller in the Shan States must be aware of 

the characteristic features of this great calca- 
reous zone. 1 hough thrown into ridges and 
minor mountain chains, it has a general elevation that makes it enjoy 
a pleasant climate for several months of the year. The sun during the 
dry months may be hotby day» and rise and set over the billowy table- 
land with a fervidness unknown in less arid parts, but the nights are 
cold, and frost in December andjanuary is quite a common thing. It 
supports a hardy population of various hill races, very different from the 
low-country Burman, and all speaking different tongues. It might, and 
probably in time will, if judiciously fostered, grow crops of cereals, 
vegetables, and fruits to supply Lower Burma markets, when the com- 
munications with the plains are improved and further extended. Its 
forests, in favoured places in the greater river-ways, are well known 
already for the teak and other minor forest produce that they yield. 

In its essentials, and not considering the younger minor zones 
that are inlaid with it, it is a rugged, rocky country. The dark grey 
limestone frequently weathers almost black into sharp-edged honey- 
combed masses, into pinnacled crags and weather-beaten towers and 
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walls : into deep basins and swallow-holes (often as regular and circu- 
lar in outline as a gigantic amphitheatre, but sometimes funnel- 
shaped) : into strange valley systems without connection one with 
the otheo and that often end mysteriously either as underground 
passages down which streams preciphate themselves and become 
lost, or as marshes and lakes where evaporation helped out no doubt? 
by subterranean percolation causes a disappearance of the waters : 
into innumerable caves and passages beneath the ground, some now 
high and dry from the waters that caused them and which are locally 
mined for the nitrates that have accumulated upon the floors fronv 
the decomposition of cave animal deposits, others used as show 
places and temples ; others again unknown to fame and rich in their 
virgin beauty of stalactitic growths. 

In other words the surface of this great zone has that configur- 
ation which is everywhere characteristic of massive limestone, grini. 
aspects which in other countries would mark out the arch-enemy of 
mankind as its far-back land owner, and aspects which by some 
inscrutable wrong-headedness in lightly-thinking people are often 
attributed to volcanic agencies. 

Except| however, in the upland valleys and the deep gorges, the 
sponge-like absorption that it exercises on the rainfall carries off 
nearly all the surface waters ; so that, at least in the dry months^ 
the ridges and slopes are generally devoid of rippling brooks and 
streams. What becomes of all the aerial moisture discharged on it ? 
Perhaps in some cases a great deal is led away by underground 
river systems that lower down emerge into the larger and deeper 
river gorges. Some such underground connection is popularly 
supposed to exist between the Balu Chaung or Loikaw river and 
the Pawn. But, in the majority of cases, I believe the great network 
of hidden streams and torrents that run their underground courses 
never again emerge to the light of day, but continue ever down- 
ward till their watery burden reaching the lower heated layers of 
the earth's crust becomes absorbed in the aqueo* igneous fusion of 
deep-seated earth magmas. 

In all these respects this great limestone zone presents a striking 
contrast to the gneissic and metamorphic zone ; and nowhere is this 
better exemplified than on either side of the Toungoo-Karenni 
border. To the east roads and halting-places are restricted by the 
limited supply of drinking-water for man and animals, whilst stili 

K 'a 
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further to the east, even the great Salween and Pawn valleys, except 
for the immediate edge of the rapidly flowing flood, are in the dry 
months over large areas destitute of water and of green vegetation. 
Nothing is so forbidding to the traveller as the steeply graded slopes 
black with the ashes and charred remains of the ever-prevalent 
forest fires and the stems of the stunted forest growth that 
rise above him on either hand. Not a bird in the leafless trees, 
not a grub in the ash-strewn land, and not a fish in the river! The 
skeleton forest is not more silent and gloomy than the limpid depths 
of the river are tenantless. But to the west of Yado the metamor- 
phic zone is well supplied with the life-giving liquid, rippling streams 
and moderate rivers are everywhere found. It possesses a thick 
carpet of surface soil densely covered with dark evergreen forests 
and alive with bird, beast, and insect at all times of the year. 

Of course these statements must not be accepted as universal 
and sweeping in application. Among the great limestone plateaux 
may be found many fertile valleys ; because, perchance, they run 
along one or other of the inlaid zones of younger formations ; or 
because they possess an abundant supply of water kept by a lining 
of recent alluvium from escaping away through" rifts in the valley 
bottoms ; or because of some interbanded shaly layer associated 
with the limestone (a not uncommon occurrence )• The general 
truth, however, remains as stated ; and I believe that as time goes on 
the contrast will be more and more evident, until at last many tracts 
of the great gaunt plateau of the Shau Hills, having lost their 
surface soil and younger valley deposits by further denudation, will 
become mere dried- up porous transmitters of their rainfall to 
subterranean depths, whilst the lower plainward zone will become 
more and more verdant and richer in tropical forest 

But this is in the far distant future viewed through geological 
spectacles. From a human point of view it will be a long, long 
time before the plateau even partially suffers such a death as this ; 
and the end may for all practical purposes be kept at a distance 
by conserving the present forests, increasing the rainfall, economiz- 
ing the water-supply, and leading it by irrigation canals over as large 
an area as possiblet 

Owing to the very fair set of artificial sections exposed along 

Vetrography: Section ^^^ cuttings in the Government cart-road 
along ih€ Goiernment cart" from Fyinnyaung to Mong Pawn, which I 

had the good fortune to see before time had 
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sloped them back or covered them with vegetation, this line 
of section and its continuation further east along a good bridle-road 
from Mong Pawn to Nongsewik is the best exponent of the structure 
and lithology of the formations composing it. 1 shall, therefore, first 
illustrate the petrography of the limestone zone by describing that 
section. In the description certain tentative groupings of the 
strata will come out, but as they were not elsewhere recognizable 
in a similar cross-section further to the south in Karenni, where no 
artificial cuttings we/e present to help, I have not coloured them 
separately on the map, save that the bands containing fossils have 
been added in a deeper tint of the same colour. 

Beginning at the first massive limestone that appears most 

westerly in the section, we find a little east 

Pyinnyaung limestone^ r ¥-» • ^ r 4. • e 

of Pyinnyaung a set of towering crags form- 
ing a long ridge densely covered with forest and lifted high above 
the surrounding country. This band of limestone is isolated from 
other bands to the eastward by other rocks afterwards to be described. 
Whether it is of a different age to those limestones or not cannot be 
certainly stated. The band runs a perfectly straight course north 
and south. Through it in a narrow gloomy defile dashes the Pyin- 
nyaung river by a cross rift, exposing the rock on both sides. The 
rock is dark and light blue-grey, massive, compact, and but slightly 
brecciated with recementation by calcite veins. One can see no 
definite bedding in it and no regular variety in its composition. Only 
by the absence of any apparent V-ing of the western outcrop across 
the gorge can one judge that its dip is at least very high. The 
ridge possesses very steep rugged slopes Uttered with titanic blocks, 
all emphasizing its very massive character. After many experiences 
in the Himalayas I would compare it with any one of the massive 
limestones or dolomites so common in the outer Himalayan belt. 
e,g.y the Naini Tal, Krol, and the Trias of Hazara. The gorge is 
about one mile long through the limestone. How much of this is 
direct ascent or descent in the obscure stratification, or how much 
folding has taken place it is impossible to say. A search for fossils 
was unrewarded, though much of the rock might well have been 
fossiliferous, judging by its compact non-crystalline state. 

The same band can be seen stretching away north and south for 
many miles. 1 did not trace it or cross it again, but obtained a near 
view of the southern continuation of it west of Kindaung^ by a tra- 
verse from Kalavv. 
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But it is not until having ascended to and passed Kalaw on tlie 
cart-road that one finds oneself really among the great limestone 
plateau. From there onwards limestone is never entirely absent 
from the section, the whole way across as far as I explored, namely, 
to Nongsewik, 

The first recognisable unit in this great spread of calcareous 

formation begins about 10 miles west-south- 
west of Thamakan, and extends under the 
Thamakan plain to the west side of the Heho valley. It may be 
called for convenience the Thamakan limestone* It is of a rather 
.pale neutral'grey colour, massive in places, but also thin-bedded 
and marly and shaly in places. Occasionally it is sandy. It bears 
a great resemblance to the grey limestone of Hazara, which under- 
lies the recognisable and concretionary nummulittc limestone. From 
its interbandings with the thin grey shales and marls and its appear- 
ance of no great metamorphism I went about confidently expecting 
to get fossils at every step. Nevertheless none were found. I ham- 
•mered every inch of the exposures in the cuttings during two journeys 
forward and backward across it but all to no purpose. The un- 
dulating surface of the plain and the low hills fringing it west and 
east show here a scarp and there a low dip-slope, apparently all of 
them fairly gentle as if a billowy broadly extended synclinal was 
the form the rocks here took. In the low hills west and north- 
west of Thamakan shales and marly beds are very prominent, and 
flowing moulded slopes the rule. To the east the descent into the 
Heho valley is very plainly a scarp with gentle dips to the west of 
iiot more than 30^, and the prevalent rock here is limestone with but 
few shales. The flatter plain in between, though often exposing 
the limestone to view, is generally occupied with newer nearly hori- 
zontal strata to be afterwards described. This plain at about 4,000 
feet is generally dry and arid and bare of forest save a few bamboo 
clumps round about the monasteries. 

Continuing the road section eastwards we first cross the flat 

alluvial stretch of the Heho plain, and a { mile 
east of Heho village enter upon the next mem- 
ber of the great limestone zone, which from certain peculiarities 
may be distinctively called the Heho limestone. In colour it is 
rjither darker than the Thamakan limestone, of a blue-grey tint 
within, but weathering greenish grey to a considerable depth. It 
is as a whole rather inclined to be well bedded, as can be seen in 
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the road sections, is sometimes semi-concretionary and but very 
seldom brecciated to any extent. It is interbanded with pale shaly 
and marly layers. A noticeable structure in the limestone is that 
it possesses thin interbandings of ferruginous layers \ inch wide 
which stand out from the greenish grey limestone in marked ragged 
relief. In some cases as near Heho these ferruginous layers may 
be seen to consist of compacted shelly layers. There is just enough 
evidence to show that some form of molluscan life had there been 
present, but no more. None of the shells could be isolated oridenti* 
fied even genetically. 

Good exposures of this limestone are found from Heho down 
the rather steep gh&t to the Sinhe plain, which is the northern con- 
tinuation of the Fort Stedman lake valley. The dips are at first to 
the east at rather low angles, after which there is a rolling or con- 
torted dip either way. 

The flat or gently rolling plain about Sinhe makes the next 
Taunjgyi'Hppong' S^P >» ^ur road sectiOH, which begins again 
Htam Sang iimeston0 with the ascent to TaunecnTi* From here on- 

wards to the Pawn river is a diversified mass 
of hill and flat upland plain showing great variety of limestone and 
associated thinner bedded shales and a few sandy limestones. This 
lot is grouped together here not because they are all alike, but 
because I cannot devise any rational separation of theai. They may 
be entirely distinct in age from the 3 groups already described or 
they may contain them all, but altered beyond recognition by sub- 
sequent cataclastic action-^for this is a striking feature of a great 
many of these minor rock bands that they have been so crushed, 
brecciated and recemented again that for all intents and purposes 
a new rock has arisen. In such layers of course no fossils have 
been preserved, but as wc shall see presently the more eastern 
part of this group abounds in favoured places with remains of 
organisms of middle productus limestone (permian) age, which for 
some unexplained reason have here been able to declare themselves. 
The ascent to Taunggyi is a zigzag up a scarp, the counterpart 
of the descent from Heho, except that it is considerably higher, 
especially if the summit of the wall-like crag dominating Taunggyi 
be taken in. The latter is as it were a second ^storey planted on and 
a little back and east of the first line of crags and with the new set- 
tlem ent of Taunggyi occupying a gentle hollow between. Taunggy 
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at a height of 4,675 feet is the head-quarters of the Government 
of the southern Shan States, a pleasant nucleus of a hill-station 
now, but given a railway communication with Burma proper, it 
would be capable of rapid development. There is water in abund- 
ance, a fertile soil that can produce— well almost anything that the 
gardener wills. The Government garden now in full swing is an 
earnest of what it can do, and I have memories (hardly perhaps 
fitting to enlarge upon here) of strawberries and potatoes obtained 
therefrom that will never fade. 

The climb by the road up the lower scarp is a revelation of what 
a rock can suffer under earth stresses. Taunggyi, " the big hill, " 
and all the other great heights between it and the Pawn river were 
hove up to their present level at no small cost to the foundations 
thereof. Alm'^st every mile of the way is a record of brecciated, 
crushed and churned rock stuff that has however mostly set again 
into a kind of angular concrete. Some of it is white, some pinkish 
and some grey and sandy in texture, while some few bands intercalated 
between a cushion of shales, and which have £!one escaped the 
general crushing, look as though a prolonged search in them might 
yield fossils. My brief search was however fruitless The crags 
forming the scarp at the base of ihe hill have a general dip of 30^ 
east. Those at the summit building the pagoda-topped hill seem 
to have a general horizon tali ty, but undulating. The general 
horizontality continues eastwards to Mania Sut and Maik Taung. 
Near Pa Leng and south-west of HopAng the north — south ridges 
have their strata very definitely dipping east-north-east at a low 
angle ; and the topmost beds of these hills are very massive grey 
limestone. All these slopes down to Hopdng are, in fact, dip-slopes, 
gradually lowering in angle and passing under ^he flat or gently 
flowing valley of HopAng. 

Continuing the section again, still ever eastwards, beyond HopAng 
we find the limestones, still grey in colour, recovering and soon 
dipping at very low angles in the opposite direction, namely west. 
In other words, we have crossed a flat synclinal fold. As far as the 
1 8th milestone from Taunggyi the gentle westerly dip continues in 
rather crushed sandy, white limestone, also grey and banded with 
pibk. The exposures are not continuous the whole way, but are 
only found here and there in isolated lines of crags with flat 
terrace-like valleys between. Beyond the i8th milestone we get 
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among larger craggy ridges which also become massed together. 
The road ascends more steeply and zigzags round many rocky 
spurs up to the^pass at the 3ist milestone. As far as the 20th mile 
things are obscure, the dip is irregular and high, the limestone 
crushed and powdery. From 20 to 21, however, comes a change. 
There are steep dips to the west in somewhat concretionary lime- 
stone with cherty lumps and blotches of crystalline calcite. Then 
follow dips to the east at 30 to 40 degrees in grey shales and inter* 
bedded concretionary limestone and marls. 

In these rocks, between 20-5 and 20-6, I first found fossils 

(localities i and 2). They made their appear- 
ance on weathered surfaces in the form of 
corals, crinoid stems, and brachiopoda (chiefly i4/AyriJ j^^.) They 
were not very remarkable in numbers or preservation, and they 
were mostly impossible of extraction, but at last real fossils were in 
evidence. Two points about the fossiliferous zones are worthy of 
note: (1) They are generally thinner banded, semi-concretionary 
limestones in the vicinity of shales ; or (2) shaly and marly layers. 
To work the former it is necessary to wrench away or chip off a 
surface layer of the hard limestone. As to the latter, the best method 
of search is to wander along the sloped cutting in its freshly 
weathered state, when a good collection (of brachiopoda chiefly) may 
be picked out with the Angers from the crumbling loosened surface. 

At the 2ist milestone the road begins to descend regularly 
towards Htam S^ing. We cross a little pass and get on the other 
side of the ridge. We now have before us a course of dark grey 
fissile shales dipping at 30 to 40 degrees to the east with one or two 
thin quartzitic and somewhat calcareous layers. These shales 
weather a pale buff or khaki colour. I could find no definite fossils, 
only some somewhat peculiar vermicular markings (locality 3). 

Past milestone 22 with an intervening bit of covered ground, 
the road still descends a similar section with a few limestone bands, 
till near 23 miles 5 furlongs when we are rewarded by a fine 
section^ 35 yards wide, in thin*bedded, concretionary- tabular 
bryozoan limestones with the usual interbedded marly and shaly 
layers, all packed with fossils, bryozoa, corals and brachiopoda 
(locality 3 a). The dip is as before. So far though no very charac- 
teristic and well-preserved specimens have been obtained, they 
suggest a middle productus limestone age. 
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On again past the 24th milestone, through more shales and cal* 
careous layers till milestone 24, when for half a mile the rocks 
exposed are alternations of shales, marls, and concretionary-tabular 
limestone containing a fair abundance of corals, bryozoa, and brachio* 
poda (locality 4), the latter being again found in crops on the rain- 
loosened surface of the weathered shales as at locality 2. Among 
them appear several species of i4 1 AyriV cf. roysii and Spirigerella 
cf. derhyi together with a quantity of Ckonetes grandicosta and a few 
specimens of Spiriferina cristata^ all of which are characteristic of 
the middle productus limestone of the Salt Range. 

As we near the 25th milestone the limestone asserts itself again 
more massivelyi mostly in white, grey, and pinkish layers, very much 
crushed, brecciated, and probably much folded and faulted, though 
how much one cannot say. No fossils. Then we pass the bungalow 
at Htam Sang and get down to the river-bed at 25 miles 4 furlongs. 
Just here is a natural bridge or covering in of the streain*bed, a 
limestone bridge, left like a snow bridge spanning the chasm. In 
the neighbourhood are said to be many caves. The road now 
ascends again following the river and climbing high above it to 26-3. 
It cuts through more of the crushed and crumbling white and some- 
times pinkish limestone, in which only a vague general stratification 
apart from the shear planes can-be recognized. It becomes dazzlingly 
white among the higher beds. Beyond 26-3 there is a short space 
without exposures, and at 26-4 appears concretionary-tabular grey 
limestone in thin bands among black shaly layers. This is fossil 
locality No. 5. For about 10 teet in the middle it is rich in fossils 
in the shaly or marly layers. Particularly noticeable among the 
fossils are large and small specimens of Sf infer musakhelensts^ one 
specimen of Preductus cf. tndtcus and of Spiriferina cristata^ l^^rge 
numbers of Chonetes sp,, amoag which are cA. grandicosta and 
ch. dichotoma. All these are eminently characteristic of the middle 
productus limestone. 

All the above may be extracted from the rock in the cutting, or 
picked up on the talus slopes on and below the roadway. Above 
atid below the richer 10 feet there are 50 to 60 feet of less rich 
layers containing principally crinoids, coralsj and bryozoa. 

Up to and beyond 26-5 there next come some dark grey, splintery, 
much crushed shales, in which no fossils were found. Apparently 
a fault then intervenes, and what appears to be the last series over 
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again from the stream is repeated, but the amount of the crushed 
grey and white limestones is not so great. Among it occurs a 
purple band of shaly limestone. The concretionary grey limestone 
with interbanded shales is marked by a number of chert nodules 
and. an absence here of fossils. 

The strike of the whole of this series is about north-west to 
south-east and the dip north-east. Beyond milestone 26-7 the road 
turns more easterly and curves round a hill-spur passing for a long 
distance through splintery shales, which as a whole seem unfossili- 
ferous. They are generally drab, but sometimes dark grey, and they 
weather paler colours. They are sub-concretionary and soft. The 
only fossils I found in them were an ill-preserved cast of portion 
of a nautilus between miles 2g and 30 (locality 5a), some indistinct 
white vermicular markingrs just east of 30th milestone (locality 5^)1 
and an impression of part of a trilobite, a gastropod, and more 
vermicular markings at 30-2 (locality 5^). It is impossible to say 
regarding these shales whether they are a series separate to and 
older than the middle productus limestone series or not. The fossil 
evidence is too imperfect. These shales, interrupted locally by some 
of the red sandstones of zone 3 and soft pale sands and loams of 
zone 4 continue along the road, which keeps at a low level, 
constantly descending, until M5ng Pawn is nearly reached, 
when close to the bridgeworks over the Pawn river there comes in, 
as if suddenly by a fault, some well-bedded concretionary tabular 
limestones and shales forming a low cliff running about north to south 
and edging the Pawn river. The interbanded shales contain many 
brachiopoda chiefly Orihis indica (locality 6). But although nothing 
but shales were met along the road up to this point from milestone 
27, the cliffs above towards the south showed signs of the presence 
of the massive limestone at several points, doubtless repeated by 
folds and faults. Dr. F. Noetling, who has kindly helped me with 
my fossils, thinks that the whole of the fossiliferous series above, 
with the exception of those of localities 3, 5*, 5^, and 5^, arc 
undoubtedly of one age and certainly belong to the middle pro- 
ductus limestone of the Salt Range (permian of Europe). 

The wide valley of the Pawn river now makes a gap in the 
section, which is also complicated by the sub-recent valley deposits 
of zone 4« To the east of this valley the section takes us by a 
bridle«road up and over a lofty range, the Loi Sampu, about 5,000 feet 
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For the first-half of the ascent grey, sometimes concretionary, shalesi 
which sometimes become sandy and of a dazzlingly white or pale 
pink colour, dip steadily at moderate angles (about 30°) to the west 
or east. 

There is, then, a rather sudden change and shales and interband- 

ed limestones, the latter containing layers of 
^*^T/i"/*'^" compacted shells, dip more steeply to the east. 

At the crest of the ridge there are some few 
purple shales in evidence and then comes the steep descent towards 
Bamping over rugged dip-slopes of more limestone resembling that 
near Heho and containing a few compacted shelly layers and sandy 
shaly layers. 

From Bamping east there is alow-lying, gently undulating plain, 

broken further east near Nongsewik by a few 
^'''"^/iX^T(?«r'*'* isolated low hills and groups of hills. These all 

show moulded dip curves to the west and 
scarped crags towards the east with low dips in a light grey lime- 
stone resembling that of Thamakan. It shows a slight tendency to 
a more crystalline condition. Away to the east the vast plain, 
dotted with a few hills, continues. It undulates and is grass-grown 
with a few clumps of pipal trees, etc. 

This is the farthest point in an easterly direction that I reached 
and brings the description of this section to an end. 

Considering the great limestone zone altogether as exhibited 

in the cart-road section we see that with a 
The lime^ont^»ofie as tolerable uniformity of Strike, and with locally 

recognizable dips and successions of the strata ^ 
there are still great gaps at important places and much uncertainty 
as to the amount of repetition and re-duplication- by faulting and 
foldingi especially along the areas of brecciated rock. It is, therefore^ 
impossible to rationally build up a continuous section with all the 
strata arranged in correct stratigraphical succession. We can only 
guess as to the proper relative position of many of them. For the 
same reason it is impossible to gange the thicknesses of the lime- 
stones individually or collectively. We know that they must be very 
thick, as their base is never reached, but that is all. 

There is, however, a certain surface succession to be made out 
among them in the area between Thamakan and Nongsewik. 
There is a large central part characterized by fossiliferous bands 
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of middle productus limestone age. On the one side of it, east of 
Heho, and on the other side of it, east of M5ng Pawn, there is a 
peculiar rather well-bedded limestone with faintly preserved layers 
of unrecognizable compacted shells, whilst outside each of these 
again come the similar pale grey limestones of Thamakan, on the 
one hand, and Nongsewik on the other. 

The surface symmetry of this arrangement can only be pointed 
out here. When more and better sections and detailed work have 
been accomplished the above may be found to harmonize with some 
plausible theory as to the full order of sequence of all the strata 
and the particular nature of the earth-folds that are responsible for 
that arrangement. 

Besides the extended cross-section along the Government xart- 

road just described, my subsequent work in this 
zone mcludes (a) a few cross and strike tra- 
verses north of Thamakan extending as far as Myinkyardo and 
Bawzaing ; {b) a route traverse along the strike south of Thama- 
kan to Loikaw in Karenni ; and {c) along cross-section in Karenni 
from the Salween river to near Yado— a distance of about fifty miles 
in a direct line. The last^ it was hoped, would have proved most 
important, as it was a parallel traverse to the one along the cart-road, 
and I naturally hoped to again pick up the same sequence of 
rocks as on the cart-road. Such, however, was by no means 
realized. The other two sets of minor traverses may first be des- 
cribed. 

The Thamakan limestone with shale bands is known to extend 
northwards as far as Myinkyardo and probably much farther. The 
comparatively level sweep of country by Kyon, Nankoh, and 
Myinkyardo shows here and there this limestone emerging and 
forming lines of rocky heights. These enlarge and close up some- 
what towards the west edge of the plateau and then the country 
rapidly falls away in riven and shattered scarps to much lower 
levels. The same limestone and shales as seen in the scarp east of 
Thamakan, and facing the Heho valley, take a parallel northward 
direction as far as Pwehla and the low hills east and north of that 
place. The Pwehla line of scarps are very prominent, while the 
low barren and waterless hills to the east and down to Kyauktat 
are obviously (as illustrated unmistakably by their curves) onward 
flowing billows of the same gently flexurcd limestone as they 
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gradually descend towards the northward and north-westward 
continuation of the Heho limestone. 

The mass of elevated hilly country between MyinkyarJo and 
Pindaya is of the nature of a much disturbed anticlinal and is com- 
posed of limestone and shales generally of the well-bedded Heho 
type with compacted shelly layers. The same appears to hold for 
the hills east of Pindaya forming the Bawzaing group, and those 
east of Kyauktat running down to Heho, Some of the limestone, 
however, immediately west and two or three miles to the north-east 
of Pindaya contain recognizable crinoids and corals resembling 
those of the middle productus limestone group further east. In 
general, however, beyond the immediate neighbourhood of Thama- 
kan, either north or south, the evidence for any good distinction 
among the limestones is, as already stated, very weak owing to 
want of good sections. 

Similar limestones and shales without any characteristic distinc- 
tions, but plainly belonging to one or other of the three nominal 
divisions, extend for long dizttances south of the Thamakati-M5ng 
Pawn cart-road, and compose the greater part of the plateau and 
hilly masses which continue to the south Of Karenni. Between 
Tbamakan and Loikaw I only traversed this country along the strike 
of the rocks, with a few short cross-traverses, consequently the 
limestone zone was only seen here along the narrow width of a few 
miles. 

But from Loikaw in the Karenni country I made traverses east 
over high ridges and low valleys as far as the Salween river, down 
the Salween as far as Ywathit, thence westwards again over 
the southern continuation of the same ridges to Sauldn and Nwe« 
daung, and thence west -south-west across a complicated hilly mass to 
Yado. I thus covered a breadth of country 45 to 50 miles wide across 
the strike. Here also I found that similar limestones and shales 
with a few quartzites, equally inseparable as to their individual 
formations, occupy almost the whole country, Their strike continues 
to be roughly north and south as before ; they pass through the 
same variations of colour and brecciation as before ; their exact 
manner of folding is equally indecipherable as before. The only 
local differences that can be detected are that in a little range of 
hills immediately south of Loikaw, and also near Sauldn, there 
occur some limestones and shaly limestones with crinoids, corals. 
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and brachiopods, ill preserved but generally resembling those near 
Pindaya ; and that all sections east of the Pawn river display the lime- 
stones and shales, which become gradually more metamorphosed 
until, at the longitude of Hsataw and Ywathit, snow-^white and grey 
marble take the place of the ordinary limestone, while schistose 
slates take the place of the thinner-bedded layers. Along the 
west side of the ridge east of the Pawn there occurs also a band of 
quartzite and schistose slate and, doubtless the same repeated, in 
a line from east of Hsataw to Ywathit. It is but fair to add, how- 
ever^ that in some places the rocks are hardly exposed at all, e.g.^ 
between Loikaw and a few miles west of the Pawn river where 
immense blanks occur without a single rock appearing above the 
surface soil and the low burnt scraggy jungle, and also along 
the obscure junction line between the great limestone zone and the 
gneissic zone near Yado, where from the surface soil and weathered 
surface rock it is impossible to say whether we are upon old wea- 
thered quartzitic rocks or the younger purple sandstones of zone 3. 



(j) Purple Sandstone Zone^ 

As has already been said, the great limestone zone is inter- 

ruptedby, or inlaid with, one or two minor com- 
^ ^Tum^of^^a^ positional zones of younger age which are here 

and there repeated. The purple sandstone 
zone (or zones, counting its reduplications) is made up of an ex- 
tremely characteristic set of well-defined strata, sharply con- 
trastmg in every way with the great limestone zone with which it 
is packed. It appears to have been let down by faulting among the 
limestone zone, or to have been tucked in along certain lines and 
axes of reversed folds and faults — the one process or the other ac- 
^ cording to the style and energy of the mountain-building forces. 

There is only one thing certain with regard to its age, namely, 

A e uncertain ^^^^ *^ '^ youugec than the neighbouring lime- 

stones ; though there are other things more or 
less probable which will presently be discussed. 

The main baud or zone of these rocks is very well seen in ex- 
cellent exposures along the Government cart-road between a point 
four miles east of the Pyinnyaung and Kalaw. Shortly after getting 
through the gorge in the Pyinnyaung limestone and crossing a short 
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thickness of slightly metamorphic pale greenish grey slates and 
white quartzites with vertical or very high dip, the road turns south- 
south-east, and follows a long open valley in these purple rocks as 
far as Nampandet, and then ascends by zigzags to VVetpyu-ye and 
Kalaw through the same rocks. These purple rocks appear in the 
section in a sudden manner as if by faulting. 

They consist of a very characteristically coloured set of rather 
« . ^, ,. . soft sandstones and shales, or hardened clays. 

Petrography, Ite, etc. ' ^ * 

With occasional conglomerates. Their gene- 
ral colour may best be described as a dark brick-red or chocolate- 
purple ; and as a whole they very greatly resemble many of the 
Kasauli and Murree beds in North- Western India. This resem- 
blance is so striking that, at the time, I unhesitatingly put them down 
as of tertiary age, a guess which seemed at first likely to be confirmed 
by the presence of coal in associated beds which most likely were a 
southern continuation of the so-described tertiary coal beds exam- 
ined by Mr. Jones in the vicinity; but, as will be seen later, there 
is an objection to this view. 

As compared with the Pyinnyaung limestone and the associated 
metamorphic and highly fissile rocks, this purple sandstone group 
is but moderately disturbed, the dip throughout its complete length 
being 30° and less, first in towards the met amorphics and then 
spreading out across the low valley, which, save for the forest, is 
fairly open and shallow. The slopes facing west are often gentle 
dip-slopes ; those facing east steeper scarps. In some places along 
this piece of road section, as near Nampandet and Kalaw, the in- 
terbedded conglomerates are of considerable coarseness and thick- 
ness. They are seen to be an angular or sub-angular conglomerate, 
the fragments being often very large and composed of harder bits of a 
similar purple sandstone to those interstratified with them ; but a few 
smaller and more rounded pebbles are of grey limestone. Sometimes 
along this stretch of country the cuttings expose sandstone of 
brown-grey or pepper-and-salt colour. 

The width of the zone here is about five miles It has an obscure 
contact with the Thamakan limestone east of Kalaw. 

I have met with the same rocks further north at the bottom of the 
great limestoue scarp west of Myinkyardo in the bed of the 
panglaung river. The country in between was not examined by me, 
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bat from Mr, Jones' notes ^ about the coal of Palaung and Legaung 
it seems certain that it occurs in rocks of this zone or in the paler 
pepper-and-salt sandstones and shales which from evidence further 
south seem to be united with the purple sandstones into a single 
stratigraphical and compositional whole. 

South of Tbamakan, during my route traverse to Loikaw^ I again 
struck more of this purple sandstone zone, which presents a sharp 
boundary running north-north-west — south-south*east along the 
west-south«west foot of the prominent limestone ridge near 
Konni and Pinhmi and a few miles east of Leggia. Here it 
appears to spread out and include three small ranges parallel to 
the prominent limestone ridge. The two nearer ones are generally 
of the purple members of the zonci whilst further west in the 
neighbourhood of Inwun greyer pepper-and-^alt sandstones and 
soft shales with some promising coal beds make up the sec- 
tion. Such dips as are seen are north-east at angles of 30^, but often 
higher. As regards the purple sandstones and shales and the 
pepper-and-salt sandstones and shales with coal^ I was certainly 
impressed with the idea that they were only one continuous series^ 
a single stratigraphical unit ; and therefore that the coal as found 
here would naturally represent the coal found by Mr. Jones at 
Legaung in what he believed to be tertiary rocks. Hence I was 
inclined to think the resemblance between the purple rocks and the 
very similar ones of Kasauli and Murree might reasonably be due to 
the fact of their being actually of about the same age. (Nests and 
strings of coaly matter are common in the Murree beds). But now 
comes the difficulty. On comparing my specimens of these rocks, 
notably the conglomerate and purple sandstone, with some collected 
contemporaneously by Messrs. La Touche and Datta east of Thibaw 
in the northern Shan States, it appears almost certain that they 
are identical, whilst the latter are certainly the same as Dr. Noet- 
ling described from the same locality ' as ''red sandstones of unde« 
termined age " which rest whether conformably or not on the blue 
limestone, and are in turn overlaid by the recognized late tertiary 
sandstones and clays with coal beds forming the Lashio coal field. 

But Mr. La Touche is inclined to put these with his devonian 
rocks from some rather obscure fossil evidence. So here we arrive 

^ Recordsy G. S. I., Vol. XX, Part 4, p. 185. 
s Recofds, G. S. I., Vol. XXIV, Pdti 2, p. 105. 
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at an impasse^ where argument is vain. I found no fossils in any 
of the series except imperfect plant remains in the coal layers; but 
I think further search there would yield something definite. 

The eastern line of junction between the purple sandsto|ie zone 
and the limestone ridge to the east*north«east begins near Konni and 
continues as an unwavering line for about 14 or 20 miles and probably 
further along the route which I followed. Short cross-traverses 
near this junction at several points showed some remarkable de- 
velopments of the conglomerate. There are small bands near Leggia 
and other places, but at Min-ywa and south of it much of the hill- 
side east of the valley is thickly strewn with blocks of the conglo- 
merate which often becomes so full of limestone pebbles that petro- 
logically it is a limestone conglomerate. Near Min-ywa also there 
were good examples of interstratification of it with the normal 
purple sandstone^so that no doubt whatever exists ^s to its connec* 
tion with them* It would appear almost as if the much brecci^ted 
limestone h£^d become disintegrated under weathering and the frag- 
ments flung down as a heterogeneous scree-material among the then 
forming purple sandstones. South-south-west of Min-ywa on the west 
side of the valley great hilU of what appear to be limestone reveal 
on visiting them (during a cross-traverse to Tigyit) nothing but 
huge crags and grotesque masses of this conglomerate, which again 
on the western slopes overlooking the Tigyit valley are found inter- 
banded with the purple sandstones* Even more grotesque are the 
atrange pinnacles and " stacks '^ of this rock as seen some miles 
further south in the rugged and jungle-covered country east-north- 
east of Nanpale. 

Beyond this point this particular sub-zone was lost sight of 
during my marches southward, and I do not know whether it dies 
out or how it disappears in this direction. 

Other sub-zones of it appear, however, at more easterly places^ 
but in less marked ways, as, for instance, from east of Salaung as 
far as the Salween river and along the valley of the Pawn river from 
Sanl6n northwards. There are also a few patches of what may 
belong to one of these zones on the Government cart-road a few 
miles west of Mong Pawn, and possibly also in the Valley of the 
Pawn just south of Mong Pawn^ Yet, again, it is possible that at 
one or two places, as at Sanai near Yado in Karenni, there may be 
representatives of these rocks ; but the exposures are too bad for 
positive identification. 
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(/) Sub-recent or Up^er Stwaltk conglomeraies, sands, ioamSf 

and clays* 

The last set of rocks which I have found occurring as sub-rones,. 

or in elongated outcrops among the great limer 

stone zone, show by their general horizon tali ty, 

by their restriction to the longitudinal valley systems, and by their 

general appearance pf yoi|th that they are either sub-recent or of 

uppermost siwalik age. 

The rocHs are sometimes course, loosely coherent conglomerates, 

or hardly solidified pebble beds, with a matrix 
grap y. ^j sand, the pebbles being very generally hard 

quartzite, but sometimes limestone. Associated with them are light* 
coloured sands and pale bluish grey clays and loams, sometimes 
splashed with red. In a few places abed or beds of lignite, to whiclv 
reference will again be made )ater on in this paper, are found* The 
whole is either quite horizontal or with only insignificant dips of a 
few degrees. They spread out and thin away locally along the 
stretches of leyel^ plateau, so that it is often quite arbitrary where 
their boundaries are placed. 

At many places as near Thamakan their uppermost layers are over-^ 

laid by a few feet of laterite which is locally 
^^'%f^ofk^ '""^ quarried. Along the water-courses which have 

cut through the conglomerates and sands there 
is generally a very superficial layer of quite recent clay and loam, 
flush with the stream banks, and utilized for wet cultivation. 

The first and most remarkable patch of these sub-recent rocks is 

. found north and south of Thamakan, apd lies 

as a superficial layer over much of the plateau^ 

It gives to the country a soft and rounded appearance, except' where 

the present stream-beds have cut back among it leaving steep-sided 

nullahs in their wake. 

At the latitude of Thamakan these sub-recent rocks are about 
seven miles wide at their greatest from west to east. North of that 
they narrow down to a point at Pwehia and south of it come to an 
uncertain end near Ngon-thon. They are probably some few 
hundreds of feet in thickness at the most. In general appear- 
ance they strongly* remind me of the uppermost siwaliks of the 
Himalayas, 

L 2 
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In the Heho and Sinhe valleys the cart-road exposes no certain 
examples of the conglomerates and sands. At Hop6ng there is a 
very thin layer of them ; but in the Pawn valley round about Mdng 
Pawn, and apparently stretching up and down the valley for lonjf 
distances, they appear again in strength making a rounded and 
flowing valley bottom among which the Pawn and its tributaries 
run. They even invade the side valleys to the west of Mdng Pawn, 
and so are cut into here and there by the cart-road for a few miles 
west of that place. The flat valley about Tigyit with its lignite 
may also contain some of these sub-recent beds beneath the present 
alluvium. 

The same sands and conglomerates are also found west of 
Nwedaung near Daw-shi, but in small quantities. It is possible that 
at other places in the valley of the Loikaw river they may also be 
found. 

Between the village of Pyinnyaung and the ridge of limestone 
to the east there are found a few beds of conglomerate and soft 
sandstones inclined at a high angle and dipping east. Only a very 
little is exposed along the road just before getting into the lime« 
stone gorge. I cannot be sure that they are of the same age, but 
they possibly may be. 

IV.— Economic Geology. 

The occurrences of useful minerals, and the economic questions 
arising therefrom, were naturally matters to which I could devote but 
little time owing to my rapid movements. But I was able to see some 
few ores and other minerals, specimens of which Mr. C. E. Browne 
had been getting together for some time ,* and later on I had the 
opportunity of visiting many of the localities in his company. 

(/) Coal and Lignite. 

As, in the northern Shan States, the development and utilization 
of the coal of the Lashio field is an economic question of first mag- 
nitude, 80 also in the southern Shan States is the question of the 
opening up of some source of mineral fuel for a possible railway 
there. For the settlement of that question detailed work with that 
object alone is required. Such rough notes as I have made in my 
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opinion do no pore than show that the matter has certainly not yet 
been finally disposed of in the negative. 

The coal and lignite of parts of the Meiktila District and the 
southern Shan States formed the subject of a paper in the Records ^ 
by the late Mr. E. J. Jones under the following headings: (a) The 
Panlaung Coal-field, ps^gcs 177-188; (3) Two coal localities in the 
Shan Hills, pages 188-190; and (4) On lignite occurring near 
Thigyit near Nyaungwe, pages 190-191. Although the coal of the 
Panlaung field (supposed to be of tertiary age by Mr. Jones) was 
good as regards quality, Mr. Jones concluded that it was only found 
irregularly and in pockets. As regards the two localities in the 
Shan hills, the coal of the Legaung outcrop has much the same 
quality as that of the Panlaung field ; and, though he does not give 
any geological data, it seems probable from my own observations to 
the south and north that it is found among beds of the same zone 
of formations, namely, my purple sandstone series. The second 
locality given by Mr. Jones of Ngu, 7—9 miles north-west of 
Pwehla, I have identitied as the place now marked on the one-inch 
maps as Ngot-ko-Yagyi. The black material is found half-mile east 
of that place in a baud of white quartzitic sandstone among massive 
limestone of the Heho type, which in places show traces of fossils. 
It is evidently of quite different age to the other coals of the Panlaung 
field and of Legaung. As analysed in the Geological Survey Labora- 
tory it only gave 4*62 per cent, of fixed carbon* I found the stuff is 
locally believed to be plumbagOi and a prospecting license has been 
applied for by a Chinaman. It apparently is a much crushed and 
sheared carbonaceous or graphitic shale, and is of no value as a fuel, 
whatever may be its value as '^ plumbago'' to the enterprising 
Chinaman. It is about 10 feet thick, and dips west at 60^ to 70^. A 
similar material is said by Mr. Browne to be found northeast of 
Thit-e-bin near Pindaya. 

The lignite locality of Thigyit given by Mr. Jones belongs to 
neither of the two zones of formations above, but belongs to the sub- 
recent sands and clay filling the Thigyit valley, and as such is no 
doubt a southern continuation of other similar beds in the sub- recent 
or upper siwalik sands, etc., of the Thamakan plain, to which I shall 
again refer presently. 

Another coal locality not mentioned by Mr, Jones was %isited bjr 

1 Records, G. S. I., Vol. XX, Part IV, 1887. 
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me on the information supplied by Mr. Browne. It is just east of 
Paya-byu (Po^pyu of the i-inch maps) near Inwun and lies aboiit eight 
miles south-west by south of Thamakan. The coal occurs in several 
thin bands among the pepper-and-salt sandstones and shales which 
I have described above (page 145) as following in apparent conform- 
able sequence and forming a part of my purple sandstone series. 
The series is dipping at high angles of 70^ to 80^ north-east by east, 
and occupies the lower slopes of the 4,886 feet hill (i -inch maps). 
A fairly continuous section is exposed in the stream-bed for about 
600 yards above the valley. There are several layers of carbona- 
ceous shale, three of coal 6 inches thick, one of coal l\ feet thick, 
and one of coal 3 feet thick. From observations made in the stream- 
beds to the north and south of this section, it seems likely that the 
series is fairly continuous along the strike. The coal appears to be 
very good but triable. When Mr. Browne first visited this locality 
the coal was burning in one excavation, and a large concourse of 
people had assembled declaring it was the fire of hell (nga-ye-mi) 
escaping. Mr. Browne put out the fire with water, comforted them, 
and they dispersed to their homes. 

I have little doubt but that this coal is a southern continuation of 
the same beds and the same series as Mr. Jones examined in the 
Panlaung and Legaung localities. 

Outcrops of lignite similar to that of Thigyit occur among the 
sub-recent sands and clays in a horizontal layer at a point half a mile 
south-west of Nangon near t^wehla, and also at another place in 
the same neighbourhood if mile west-by-south of Nangon. It 
seems probable that a more or less continuous layer of it exists 
among these superficial rocks \ but it does not seem to be very pure 
or very thick. 

{2) Copper. 

Copper ore in the form of antimonial tetrahedrite (sulphate of 
copper and antimony) with azurite and green carbonate and with 
small quantities of arsenic, iron, zinc, silver and lead,^ occurs at a 
number of isolated places round about Yataung Hill, which is four 
miles north-east by north of Myinkyardo. Some prospecting licenses 
have been applied for. At one place, Ganaingyai i^ miles due 
south of Yataung Hill, I saw surface working going on, having 

^ As deterpained ia the G.*olojical Survey Lab >ratory. 
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recently been started by Ganapatty Pillay of Moulmeioi the ore 
being as described above. The ore occurs in limestone of the Heho 
type dipping west by north 30^. It is in thin veins running with the 
bedding on the east side of the hill. 1 was informed that more of 
this ore exists also at Mene-Taung and A-Ie-Chaung (localities a 
few miles away). 

Copper ore is also said to be found four miles west-north-west of 
Mag we near Kalaw and also in the stream-beds running to Kwe-nia*sa| 
south of Nampandet, 

(J) Gold. 

I saw no gold itl situ during my tour, but it is said to occur 
about 4^ to 5 miles west«north-west of Magwe (near Kalaw) in the 
Thamakan State The occurrence is in a quartz vein. Gold is also 
said to be washed for in the stream-bed north and north-west of the 
same place. 

Gold is also said to be found in the Baw State in the hills between 
the Zawgyi river and the Myitnge river. It is in the form of 
dendritic crystals and flakes in cavities along with quartz crystals in 
quartz rock or gneiss. The hill is about 3,000 feet high and lies 
about ten miles north-east of Myogyi town, 

{4) Lead. 

The argentiferous galena of Bawzaing and the native methods of 
smelting and cupelling it have been fully described by Mr. Jones in 
his paper above cited, and need not be detailed again here. Several 
mines round about are being worked now by Chinese firmSi th« 
chief localities being >— 

1} mile east-south-east of Bawzaing. 

2\ miles north-by-east of Bawcaing (the Siszet mine), a 

poorer ore, but containing much more silver. 
Kyauk-ku-leywa State, in the hills (latitude ao° 55', longi- 
tude 96^ 40') away from all villages. It is worked by the 
chief of the Pwehla State. 
The following mines are not worked now :— 

i\ mile east-south-east of A-le-Chaung and 4I miles north 

of Myinkyardo. 
Pakin, about i| mile north-north-west of Bawzaing. 
Meiktila district near Pyinnyaung 29 miles on the cart-road 
£rom Thazi to Taunggyi. 
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(i) Pyrites. 

Pyrites is dug for the manufacture of sulphur at Yebok in the 
Pvvehla State, and also at places in the Bawzaing State. 

[6) Saltpetre. 

Saltpetre is manufactured at Nam-tok from the nitrate-impreg- 
nated soil gathered beneath the surface of the stalagmitic floors of 
caverns at the foot of the limestone hills north of Nam-tok* 

(7J Tin. 

Tin ore (found by Mr. Holland to be cassiterite mixed with a 
certain amount of wolfram), is gathered at the villages of Mawchi, 
Lekhalu, and Re-ho-hku in the Bawlake State, Karenni. As described 
by Mr. W. Gt Wooster, Assistant Political Officer of Karenni, the 
ore is washed out of the soil by water gathered during the rains in 
tanks above. I was not able to include a journey to these places in 
my tour. Mr, Holland reports of the specimens sent in to the 
Geological Survey Office that both the ore and purified metal are of 
excellent quality. 

(<?) Tourmaline {^reen). 

Some beautiful transparent dark emerald-greeo crystals of the 
above were shown me by Mr. Hildebrand at Thamakan. They had 
come from a locality known as the ' green stone tract ' near Namon in 
Karenni, on the west bank of the Salween river about thirteen miles 
north of Ywathit. They had been locally and wrongly identified as 
green augite (diopside), but I believe were supposed by some to be 
true emeralds. To make certain I despatched a packet at Mr. Hilde- 
brand's reque St to the Geological Survey Office for determination, 
with the result that they were pronounced to be green tourmaline as 
I supposed. Later on I visited the locality with Mr. Wooster and 
found a small settlement of miners at work digging and washing for 
them. The stones are very beautiful in appearance, all being 
bounded by natural and brilliant crystal faces chiefly of the rhombo* 
bedron and prism. In size they vary from that of a pea to that of a 
small bean. The surface soil of the country, a brown sandy clay 
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with pisolitic ferruginous concretions, on the hill-sides among the 
blocks of crystalline limestone, is everywhere to the north and west 
of the little mining village dug into little holes and trenches. The 
sandy material is taken out, gone over by hand, and finally washed in 
the stream-bed. From the unrolled appearance of the stones I con- 
cluded that their matrix must be somewhere near in the crystalline 
limestone, and further search showed this to be the case. I was able 
to bring away pieces of a handsome white marble with the green tour- 
maline embedded in them. Packets of 10 or 12 rather large stones 
were shown me which the possessors declared would fetch R300 
to R500 in Rangoon, But this seems to me to be a fictitious value 
probably due to their being at present successfully passed o£E as 
true emeralds. Their absolute market value will doubtless in time 
descend to something much more modest than this ; but they will 
always have a certain intrinsic worth as pretty stones suitable for 
ornaments and setting in rings, etc* 



Preliminary Report on the Geology of the Ganjam District, by 
F. H. Smith, ARCS., Deputy Superintendent, Geological 
Surrey of India. 



The Ganjam District has practically never been geologically 
surveyed. A small tract to the extreme south, round Chicacole and 
Parlakiniedi has been mapped by Mr. F. Fedden, and one or two 
notes have been recorded as to the prevalence of granitic rocks in 
the Berhampore neighbourhood ; otherwise the country has remained 
unexamined. During the field season of 1899-igoo I traversed some 
7f5oo square miles, comprising the whole of the Ganjam Dis- 
trict with the exception of the small area above mentioned. 
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The Ganjam District may be divided, roughly, into two equal 

parts ; the eastern half, or coastal region, con- 
^' sists of a plain, almost entirely under rice culti* 

vation, thickly dotted with isolated rocky hills and small ranges up 
to 2,000 feet in height. The western half, known politically as the 
^'Agency tracts," is an area of raised hilly country from 1,500 to 
5,000 feet in altitude. The hills are the Ganjam Malias, which form 
the Ganjam section of the Eastern Gh&ts. Travelling amongst then» 
is restricted entirely to a few Government roads ; and they are very 
malarious, fever attacking with special v|rnlence natives of other 
parts of India. 

The whole of the Ganjam District is composed of crystalline rocks 

which may be divided into two main groups ; 
(t) A complex mass of crystalline igneous 
rocks, varying considerably in composition, texture, and foliation ; 
and (2) a series of bands of more or less crystalline schists, which are 
crushed and folded into the igneous rocks. The first group covers 
by far the greater area of the two. 

No unaltered sedimentary rocks are met with, but considerable 
areas near the coast are covered with laterite, and amongst the 
Malias certain patches of hills are capped by it. 

Crystalline schists. 

The schist evidently represents a more or less metamorphosed 
series of ancient sedimentary rocks, originally consisting of ferru- 
ginous, shaly sands and grits, with bands of impure limestone. In 
places the schist passes gradually into these sandy and gritty forms, 
but usually the latter have been entirely altered, chiefly by dynamo- 
metamorphism, into true crystalline rocks, of which the commonest 
form is a quartz-garnet schist always rich in sillimanite. 

The rock varies greatly in its degree of alteration, and it shows 
every gradatioil from an earthy, decomposed quartz-haematite 
schist to an extremely compact, pure quartz, and garnetiferous rock. 
Besides sillimanite, various accessory minerals are of constant 
occurrence, of which the chief are felspar, mica, graphitCi epidote, 
and rutile. 

The original calcareous beds are now represented by several in- 
,.. ^ teresting bands of highly crystalline impure 

marble amongst the schists. This is always 
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ticli in accessory minerals, which are often in such abundance that 
they almost entirely replace the calcite. About two miles to the 
north-north-west of Purshottapur two bands of this rock, varying 
from a fine-grained mineral limestofie to a handsome coarse-grained 
liiarblei occ\ir, folded amongst the quartz-garnet schists. The rock 
is essentially a crystalline limestone containing much yellow-red 
garnet and pale-green diopside ; microscopic examination reveals the 
presence also of quartz, felspar^ tremolite^ apatite, epidote, sphene, 
and rare tourmaline. 

A band of a very similar rock occurs under the same conditions 
in the hill-shoulder above Worradamoolii near Kallikota. This is a 
fine-grained dioritic-lookii^g rock consisting of quartz, felspar, diop- 
side, scapolite, sphene, and apatite. 

Occasional exposures of similar diopside-bearing rock are seen 
amongst the Malias, always occurring as bands of slightly varying 
composition associated with the quartz- garnet schist. 

Another form of the schistose rock occurs in the vicinity of in- 
trusions of coarse pegmatite, and this is evi- 

ptne- artngroc . dently due to some extent to contact action. 
In the Mussellkonda neighbourhood veins of micaceous pegmatite 
are found, near which dark ferruginous bands are seen in the schist. 
They consist of a granular rock composed of garnet, magnetite, 
spinel, augitei plagioclase, enstatite^ quartz, and apatite. A similar 
rock is seen in the boundary range, six miles north of Kallikota. 
This is composed chiefly of garnet and magnetite— the latter passing 
imperceptibly into dark-green spinel, which is speckled with minute 
magnetite grains— with scattered grains of quartz and hypersthene. 

The igneous rocks which form the main groundmass of the whole 
.^ , district are frequently s^en to be extremely 

Mode of occurrence, ,. .,,.,,, « r.i« •• 

crushed and foliated^ and much of this crushing 
has taketi place since the solidification of the rock. The folding 
that then occurred evidently enveloped large masses of the over- 
lying sedimentary rocks, now only represented by the bands of 
schist, which remain amoAgst the granites and gneisses. The subse- 
quent metamol^phism undergone by the folded bands appears to 
have beeki almost entirely due to pressure and ohly in a very small 
degree to contact action. Intrusive granite is found in one or two 
localities, i^otably near RUsselkonda, but as a rule igneous intrusions 
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of any kind are extremely rare, and in the great majority of the 
schistose bands they are never seen. 

The bands of mineral limestone appear to form subsidiary layers 
amongst the ordinary schists, and to have been originated at the 
same time, and by the same agency as they were. The marbles 
are very similar in appearance and composition to the ruby-bearing 
rocks of Burma ; but they have been carefully searched both in the 
field and under the microscope without any trace of ruby, sapphire, 
or ordinary corundum being discovered. 

The junction between the schists and the surrounding crystallines 
is very seldom seen. The hills are always covered with thick jungle, 
and the schists weather very readily into a red ferruginous soil, 
which effectually conceals their boundaries. Occasionally in the 
outlying rocky hills the two series of rocks are found in contact, 
and then the junction is seen to be one of gradual passage. The 
schist becomes more crystalline towards the edges, passing into a 
true gneiss, which soon becomes indistinguishable from the sur- 
rounding granite. The two rocks have apparently been crushed 
together along the boundary, and passage bands have thus been 
formed. 

There is a conspicuous difference in appearance between the 

hills composed of massive crystalline rock, and 
those composed of schist, and the distribution 
of the two series can be easily seen at a distance. The igneous 
rocks, especially the coarser granites and gneisses, form bold rocky 
hills strewn with boulders, often capped by great domes of bare 
exfoliating rock, or precipitous castellated peaks. The schists 
weather into smooth, red, soil-covered slopes, overgrown with low 
bushes. The rocky hills are frequently seen to be so seamed and 
banded with the red schist-bands that it is impossible to map the 
two groups accurately. 

The foliation strike of the schists is most inconstant, the bands 
running in all directions. In the eastern part of the district the dip 
of the foliation planes is often low, and the strike varies widely ; 
but to the north and west, in the hill tracts, the foliation is practi- 
cally always vertical, here the variation in strike is usually 
limited, ranging between north to south, and north-north-west to 
south-south-east. Schistose bands are found scattered impartially 
over the whole of the Ganjam District, and locally they occupy 
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fairly large areas. In the southern half of the Malia Hill Tracts 
the schist is somewhat infrequent. Over the coastal region the 
distribution is very even, but one large patch of schists occurs 
between Ganjam and Kallikota, stretching from the coast for some 
twenty miles westwards inland. The northern end of the Malias 
also contains extensive bands of schist. The largest of these, 
covers the extreme western prominence of the Ganjam District, to 
the west of Tumriband and Kotgar. The latter area is interest- 
ing on account of the curious formation of the hill-ranges. A hill 
tract, some fifteen miles in length by ten in width, and rising to 
4,000 feet in height, is entirely composed of quartz garnet sillimanite 
schists, with vertical foliation and north to south strike. The 
summits of all the ridges are formed of the remains of a once conti- 
nuous, horizontal laterite cap, up to about 200 feet in thickness. The 
view from the top of any of these ridges is curious, every hill-range 
is approximately of the same height, and the top is perfectly level 

for long distances. The country was evidently once covered by a 
laterite plateau, which has been carved and gradually cut out by 
denudation, leaving the tops of the ridges alone of laterite, while 
the flanks and valleys are of schist. I have found hills of identically 
the same description eighty miles to the north-west in the Sambal- 
pur District, in the Central Provinces, notably the Gandamardan or 
Narsingnath range in the Borasamar zamindari. There a bold 
range, over 3,000 feet in height, of exactly similar rock, is capped 
by a horizontal plateau of laterite, from which the sacred stream of 
Narsingnath springs. Mr, V. Ball ^ also mentions several similar 

ranges, with flat laterite caps, which occur in the intervening 
Kalabandi State. 

There is no evidence in Ganjam by which to determine the age 

of the schists. They have a general resem- 
blance to the rocks of the older transition 
seriesi but none of the typical Dharwar forms are found amongst 
them. There is no doubt that they are identical with the rocks of 
the Gandamardan Range, and the latter have the advantage of occur- 
ring within a few miles of beds of Cuddapah, or lowest Vindhyan 
age. The latter are shales and quartzitic sandstones, which are 
quite unaltered* So it seems safe to assume that the quartz-garnet 
schists are of considerably greater age than the Cuddapahs, ' 

^ Records, G. S. I., Vol. X, Part 4, p. 169. 
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Crystalline Igneous Rocks. 

The main foundation of the whole of the Ganjam District is a 
somewhat cppplex mass of crystalline rocl^s of igpeous origin* By 
far the greater part of this mass consists of garnetiferous granites or 
granulitesj but amongst them are found various bands and dykes, 
usually of more basic character and coptftining rhombic pyroxenej 
of which the following are the chief : pegmatite, l^iotite gpeiss, hy> 
perstheqe gri^nulite, varying froni acid to almost basic forms, an^l 
representing the charnocjcite series ; augite, mica, and hornblende 
diqrites. 

Amongst t^e rocky hills^ covered with soil and thick yegetatioq, 
it is practically impossible tQ make out the relationship of the dif- 
ferent rocks to one another. But it may be generally stated th<^t 
pegmatite^ and most of th^ diorites are younger intrusive rocks* 
Some few of the dioritesi and the hypersthene g^anulites, are older 
than these, ai^d of the same age, or perhaps ^ little younger than the 
main granites^ from which the biptite gneiss has been loc^illy 
derived* 

The most commoi^ form of the granite is a coarse-gn^ined rocfc 

chiefly composed of quartz, wit)) plagioclase fel- 
GarneH/erousjraniiU ^^^^^ gamet, and us^ally more or less biotite. 

The composition does not vary greatly, and 
then only as regards the amount of ferro-magnesiaa constituents. 
The texture and foliation vary widely. The finer-grained varieties 
appeajr to weather the more e^ily and they seldom give rise to bold 
features of the country. The coarse rock forms the gfreat boulders 
and broken scarps which are so common throughput the granite 
hills, and its tescture is frequently very coarsely porphyritic, containing 
crystals of felsar up to 6 and 8 inches in length. The coarse rock 
is also conspicuous when strongly folded, the porphyritic crystals 
being pressed out into flat patches of broken fragments. The 
biotite gneiss is a crushed form of the non-garnetiferous granite, 
A very common form of rock is fine, or medium-grained and 

strqngly-foliated, containing dark layers of garnet 

Granu e. amongst white layers of quartz and felspar. This 

represents the typical form of '^granulite/' and it passes insensible 

into the charnockite series by the inclusion of rhombic pyroxene. 
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usually in the form of hypersthene. In the field it is often impos- 
sible to tell from the appearance of the rock whether it is hyper- 
sthene-bearing or not, and there is every gradation between the 
ordinary granulites and the true, almost basic charnockites. 

The hypersthene granulites are seldom seen to be bandetj or fo- 
liated in the field, but under the microscope 
they are nearly always seen to be much crushed, 
the constituent grains often being almost mylonitic, and showing 
evidence of great strain. 

The more acid hypersthene granulites have a very characteristic 
appearance. They are of a general greyish colour, but if looked at 
closely, the rock is seen to be coloured bluish by milky quartz and' 
pink, or red by garnets scattered through it. Garnet seems to be a 
constant constituent throug^hout the acid forms, but it decreases gra- 
dually and dies out entireljr from the more basic rock. The former 
generally consist of quartz, plagioclase-felspar, garnet, hypersthene, 
biotite, and magnetite. 

The acid forms pass gradually by the inclusion of mor« and 
more rhombic p}rroxene, into a dark lustrous rock, of greenish or 
brownish black colour and more or less basic composition, though it 
still contains a considerable amount of free quartz. The constituents 
are generally plagioclase, quartz, hypersthene with enstatite and 
augite— biotite, apatite, and occasionally epidote. 

The hypersthene granulites are so intimately associated with the 
surrounding granites that it is very difficult to tell what is the rela- 
tionship between the two. The former appear generally to be banded 
in amongst the granites, and to have shared to varying ezteats in 
their crushing. The acid hypersthene-bearing rocks would suggest 
the mixture of the original ma^^as in a more or less moltea State ; 
while the more definite bands of basic chamockite were probably io- 
truded into the granite after the solidification of the latter. But it 
seems probable that the age of the two is very much the same. Many 
of the rocks which appear to be coarse g^rnetiferous granites, prove 
to contain pyroxene, and they are sometiines seen to be intrusive. 
An interesting exposure of this kind occurs* about a mile to the 
north-east of Big^upudi bungalow. A low dome of massive rock is 
found to be composed of ejttremely coarse, porphyritlc pyroxei^e 
granite, containing felspars up to i foot in length. At the sides ^d 
end of the dome, the rock becomes more fine-grained, with sms^Il 
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crushed porphyritic felspars ; whilst at the edge the rock is extremely 
fine-grained and is seen to be composed of a mylonitic ground^ 
mass of plagioclase and quartz with crystals of enstatite, magnetite, 
and epidote. The coarse rock appears to have been an ancient in- 
trusive masS| which has withstood the crushing that has gone on 
around it. 

There is another form of more or less basic augite-bearing rock, 

which seems to be quite distinct from the char- 
Pine^graineiaugiiic ^ockite series. It is always very finegrained 

and it appears in two forms, occasionally as 
an ordinary intrusive dyke, but more frequently crushed and 
mixed into the coarse granitic rock. In the latter case it is impos- 
sible to tell which of the two is the older, they are so intimately 
interbanded and interlaced, that each in turn appears to be intrusive 
upon the other. This rock is chiefly developed in the neighbour- 
hood of Aska. It occurs throughout the hill mass a few miles to 
the south, interbanded and mixed with coarse granite, and again 
eastwards round Boirani, in a slightly modified form, in the form of 
dykes amongst highly-crushed coarse gneiss. The rock to the south 
of Aska is found to be a typical ' Kersantite,' being a fine-grained 
granular diorite, composed of plagioclase, augite, biotite, quartz, 
and magnetite. As might be expected from the mode of its occur- 
rence, it shews signs of strong crushing. The dyke rocks of Boirani 
have a slightly different composition, — plagioclase, quartz, enstatite, 
magnetite, and epidote— but they are very similar in appearance to 
the Aska Kersantite, and they have undergone subsequent pressure 
to an extreme degree, the quartz and felspar being crushed to a 
mylonitic mass. Similar rock is occasionally found amongst the 
Malias, banded with the granites. It is quite distinct from the more 
recent dykes^ which are not crushed, and it evidently represents 
an older intrusive rock which has subsequently been folded and 
crushed amongst the surrounding granitic mass. 

Unaltered trap-dykes are very rare throughout the whole district. 

A few of small extent are seen amongst the 

rap* y s. M alias. These are of fresh dioritic rock, and 

they are evidently of comparatively recent age. The dyke-rock is 

a bornblende-dioiite consisting of somewhat granular quartz, plagio« 

clasci hornblende, and some rhombic pyroxene. 
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In ooe or two places warm sulphurous springs rise amongst the 

crystalline mass. The best-known of these is 
springs. ^^^ , Taptapani ' which rises in the hills, about 

'8 miles to the north-west of Poramari. It is a small spring of 
slightly sulphurous water, about ii5^F. in temperature, in which 
a constant stream of bubbles of sulphuretted hydrogen rises. It is 
situated in the midst of massive granulites, and as in the other 
cases, there is no evidence to determine its origin. 

The mass of the crystalline igneous rock, granites and granulites, 

is evidently of gpreat age. It presumably formed 
gtofcfy tni9. ^^ foundation, whereon were laid down the 

sedimentary beds, from which the schistose bands have been formed, 
a supposition which gives the crystalline igneous rocks an age 
considerably greater than that of the schist. 

The foliation of the igneous rocks, like that of the schists, is 
very variable in direction, and the folding of the rocks appears to 
have been due to local causes rather than to any one great and 
wide-spread disturbance. It would seem that at a remote time, 
previous to, and during the ' Transition ' period the igneous rocks 
were subjected to strong local disturbances, which resulted in the 
crushing and banding of the hypersthene granulites, and of the 
older intrusive rocks, and also in the folding and inclusion of bands 
of the overlying sedimentary rocks, subsequently altered more or 
less completely into quartz-garnet schists. Since these disturbed 
times the country has been at rest, and the few more recent dykes 
of intrusive rock, which have succeeded in reaching the surface, 
are still fresh and unaltered in every way. 

A good deal of the country near the coast is covered with 

irregular deposits of laterite, which weatheris 
into a somewhat barren red soil. The Jaterite 
is of no great thickness, being often only a shell of a few feet, 
underneath which decomposed and weathered rock is often visible. 
The latter appears to be invariably the quartz-garnet schist, from 
which the laterite is directly derived. The coarse granitic rocks 
are never seen to have any connection with the patches of laterite. 

Besides this low-level laterite, a similar vesicular, ferruginous 

clay is found, capping the western extremity of the Ganjam Malias 

at a height of about 3,500 feet. This high-level laterite cap has 

. been already referred to as exactly similar, and overlying 

M 
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similar rock, to that of the Gandamaidan range in SambaTpinv 
and like the latter it contains the chief water-supply of the sur* 
rounding country, springs arising all along the tower edge of the 
laterite. This cap seems to be the eastern extension of the high* 
level laterite which occurs throughout peninsular India, but it is- 
noticeable that its occurrence is limited to the areas occupied by^ 
the quartz-garnet-schisty which alone of the Ganjam rocks seems to 
pass directly, by decomposition and concentration of the iron, into 
laterite. 

Minerals. 

Ganjam ha» often been- credited with the possession of valuable 
mineral resources. Sapphires and gold have been mentioned as 
occurring in the district, and the occurrence of workable deposits ot 
manganese in Vizagapatam to the south has led to the hope that the 
same mineral might be found in Ganjam. Unfortunately the examin- 
ation of the country shows that valuable minerals, with the possible 
exception of mica, are not to be found in the Ganjam District. 

In one field season it is, of course, impossible to carry out detailed 
prospecting over so large an area, but during my tour no minerals oi 
economic value, except mica, have come under my notice, nor could I 
obtain any information of their existence in the district, from the 
local authorities or from the villagers themselves. 

As far as I could discover there are no traces 
of manganese in Ganjam. 
Amongst the Malias there are a few native iron-workers, but 

they usually procure their iron already melted. 
Smelters are only found in one or two localities 
where they procure a soft earthy haematitic ore from the laterite. 
Graphite has been mentioned as forming a rich graphite-schist on 

the east coast of India. It does occur in most 
of the quartz garnet-schists, but only as minute 
specks scattered through the rock, visible as brilliant silvery grains* 
The total amount of graphite is quite insignificant. 

One of the chief objects of my work in Ganjam was the discovery 

of gold, but I was unsuccessful in finding any 
gold-bearing reefs in the district. 
Quartz reefs are almost entirely absent throughout the whole of 
the igneous crystalline area. Occasional small veins of white quartz 
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arem^t with, but no trace of gold is to be found in them. A more 
hopefuMooking rock is seen in one or two places amongst the schists* 
It is an opaque or iron-stained quartzose rock, forming a band 
amongst the; gametiferous schist, but it also gives no trace of gold on 
testing, and no visible gold is obtained when the rock is crushed and 
washed. 

I was informed that goId«washing was carried on in the streams 
round the foot of Mahendragiri, but on my arrival there the villagers 
and the local authorities knew nothing of it. Near the summit of 
Mahendragiri, I found one grain of gold while washing the sand 
of a small stream. But no more gold could be founds and no quartz 
reef was to be seen in the neighbourhood. 

Amongst the Malias the hill tribesmen do not attempt to wash for 
gold in the streams and there appears to be no gold in them. 

Sapphires have been reported as occurring in the Ganjam District; 

in fact| a packet of small stones, described as 
coming from the Mahendragiri Mountain, were 
sent to the Office of the Geological Survey in CsJcutta for determin- 
ation. They were found to be sapphires, of a fine blue colour, trans- 
parent to translucent, and of considerable value. I spent a day or 
two on the summit of Mahendragiri, unsuccessfully searching for 
^^uch gems, and I then learned the true history of the stones, some of 
which had found their way to Calcutta. Mahendragiri is almost the 
highest hill in Ganjam, 4,923 feet in height, and is well known as 
having several fine temples built on its summit, as well as many 
small shrines and monoliths. This is probably sufficient to connect 
the hill in the popular mind with visions of buried treasure. It 
appears that some fifteen years ago, a trader, described as a 
.'Kabul merchant,' spent some days on the summit of Mahendragiri 
digging in the mounds, on which the small monoliths generally stand. 
The earth extracted was sifted, and the trader brought down some 
fine gravel with him, from which about sixty sapphires were picked 
out. These were eventually cut and polished in Madras, and pro- 
nounced valuable. The trader hoped for a reward from the Mandasa 
zamindari in which Mahendragiri is situated, but whether he took 
the stones up with him, or whether he had previously obtained 
information as to their hiding-place seems uncertain. 

The mass of Mahendragiri is composed of gametiferous granulite 
which passes into a very coarse, porphyritic garnet-granite near the 

M 2 
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sammit, whilst the actual ridge consists of a band of hypersthene 
granulite. There is no trace of corundum, or sapphire, to be seen 
throughout these rocks, nor cuuld I find any gems in the sands of the 
small streams which trairerse the hillsides. I carefully washed the 
earth which remained in the mounds, but with no better results, so 
it would appear that all the sapphires bad been successfully ex- 
tracted. 

As has been already mentioned the mineral limestone of Purshot- 
tapur does not yield any trace of ruby or sapphire. 

The only mineral in Ganjam of possible value appears to be 

mica, which has been known for some time to 

occur in the neighbourhood of Russellkonda. 

It has been extracted in small quantities, from time to time, by 

native physicians, who value it highly as a general medicine after it 

has been burnt and finely powdered. 

« 

The chief locality where mica is found lies a few miles to the 
south-west of Russellkonda, in a strip of jungle-covered country 
between the Russellkonda-Aska road and the hills to the west The 
mica appears at the surface as broken and frayed flakes amongst a 
loose gravel. These exposunt are fairly frequent, and there is no 
doubt that many new outcrop'v might be discovered if the country 
were systematically searched. 

The mica is a constituent of a coarse, more or less micaceous 
pegmatite, which occurs in i regular intrusive veins amongst the 
surrounding rocks. The latter are usually fine-grained granulites, 
but in one or two instances the pegmatite intrudes into quartz 
garnet schist* The composition of the pegmatite is capricious and 
varies very rapidly, and a vein which is highly micaceous at one point 
is frequently found to be composed of quartz and felspar only, with 
occasional tourmaline, at a few yards' distance, I selected the 
three richest outcrops of mica, on which to sink pits, in order to 
determine the quantity and quality of the mica in the fresh rock 
below, and these three pits were sunk at the villages of Goradandi, 
Bodiamba and Jillundit 

The results are not very encouraging as regards these three 
particular exposures, though mica of fair size was discovered. But 
the fact remains that this country is seamed by veins of coarse mica- 
ceous pegmatite, which, if only the right locality could be found, is 
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quite likely to yield valuable mica, as it does Further to the south 
in Nellore. 

The Goradandi pit was sunk in a dyke of coarse pegmatite, 30 

Coradandi. '^^^ *° width, running north and east. The 

dyke can be roughly traced on the surface for 
a distance of 100 yards, but it is only highly micaceous in one place. 
Here, in a coarse granite, somewhat decomposed and kaolinised, 
mica-crystals are found up to 3 inches in diameter. The mica is 
broken and dirty, and it contains frequent small quartz*crystals« 
The quality does not improve below, and the lateral extent of the 
micaceous rock is only a few yards. 

At Bodiamba a band of highly micaceous gravel was seen, in 
- .. ^ which a trench was dug, but on reaching the 

underlying pegmatite, it was found to be entirely 
unproductive. 

Near Jillundi on the Russelkonda-Aska road mica had been 

extracted occasionally within the last few 
jHiundt. years. The pegmatite dyke cannot be traced 

at all on the surface, and mica-bearing surface gravel was the only 
indication of its presence. This pit was the most successful of 
the three. At a depth of from 3 to 6 feet a considerable amount of 
mica was found in fairly solid crystals or'' books '* of irregular shape 
and up to 5 inches in diameter. The mica is somewhat frayed and 
earthy, from the results of surface action on the rock. Below 6 
feet however the rock rapidly loses its mica, and at 8 feet in depth 
it passes into almost pure quartz, with rare crystals of felspar. 
The mica extracted from the three pits has practically no market*- 
value. The area of the plates is not sufficient— it is barely possible 
to cut rectangles 3x2 inches from the largest crystals, and this size, 
if pure and clean, has only a maximum value of 2 annas per pound, 
and the mica is usually dirty and very frequently penetrated by 
quartz crystals. The micaceous rock, too, in all these cases is very 
limited in extent. On* the other hand it is quite possible, that in 
this neighbourhood localities may be found where the micaceous 
rock is developed on a large scale, both as regards its mass and the 
size of the included mica-crystals. 

Coarse mica-tourmaline-granite is also found among the hilfs 
about three miles to the north-east of Russellkonda, but so.far no 
mica-crystals of morethan 2 inches in diameter have been seen in it. 
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A Geological Sketch of the Central portion of Jeypore Zamindari, 
Vizagapatam District, by W, L. Walker, M.A, Ph.D., 
Geological Survey of India, 

I.— Introduction. 

The country which is the subject of the present geological sketch 
constitutes the central portion of Jeypore Zamindari, and corresponds 
to that portion of Vizagapatam District which is contained in the 
north-east quarter of Atlas Sheet No. 93. The area of the country 

surveyed is about 2,500 square miles. Arriving 
m Jeypore about 2oth November logg, I carried 
on explorations till about 20th March igoo, when I returned to 
Calcutta via Vizianagram. There are very few good roads, or even 
poor oneS| but coolies are easily obtained for transport in this 
particular region, though in the unsurveyed country to the south 
neither coolies nor carts can be used, and elephant transport is 
essential. 

The eastern part of the country, reported upon as part of the 

Eastern Gh&ts, forms part of a great plateau 
opograp f. ^j about 3,000 feet altitude ; to the west it falls 

gradually from 2,000 feet in the Kotpad region, to about 700 feet 
south near Salmi. Two rivers rise in the hills to the east, the Indra« 
bati flowing westward into the Bastar State and the Kolab which^ after 
a circuitous course, empties into the Godavari. The eastern plateau 
consists of low undulating brownish hills, either quite devoid of tree 
vegetation, or at most poorly wooded in the intervening valleys, 
while the north-western part constitutes an almost level plain of 
valuable arable land. Most of the south-western part, from Rama- 
giri and Modpodor southward, is well wooded with forest, of s&l and 
occasionally teak, which, in the future, if carefully preserved, will 
prove to be of immense value. Rock outcrops in the hilly country 
are very frequent and large, while in the lower country to the west. 
alluvial deposits and vigorous forest growth conceal the rock forma- 
tions over large areas. 

Geologically four rock groups are readily distinguished :— 

L^The greater part of the region west of the hill range is 
composed of crystalline schists— biotite and hornblende 
gneisses — and schists— potstone and quartzites. 
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Ift.— The hilly country forming the eastern part of the country 
surveyed, is made up of rocks which can best be referred 
to as hypersthene granites, generally garnetiferous and 
at times showing such marked paralleKsm, as to be 
regarded as gneissoid granites, if not simply gneisses. 
511.— The comparatively level country in the vicinity of Kotpad 

is deeply covered with clay and sand, so that 
groups, outcrops are very rare, but those that occur, in* 
dicate a rock formation of old non^fossiliferous sedimentS| 
probably Cuddapah in age. A narrow strip of similar 
rocks» extends sooth along the Bastar-Jeypore boundary 
as far as the Tulsi Hills. 
IV. — A few isolated outcrops of diabase have beeti observed, less * 
altered forms near Jeypore, and again quite altered ones 
nearRamagiri. 
This region had never been geologically examined before, and 
^hen the adjoinrng unsurveyed country has been surveyed, a full 
^geological report may be possible, the present sketch being only 
{)reliminary. Reference to the geologically coloured copy of the 
•north-eastern quarter of Atlas Sheet No. 93, which accompanies this 
Teport ^ wiH make clear all geological and topographical references 
xrontained m the present sketch. 



II. — Crystalline Schists. 

These recks occupy the region between the 3,000 feet plateau, 
^nd the Bastar boundary, except for a small patch of Cuddapahs on 
the extreme north-west and west of the country surveyed. 

Professor Rosenbusch recently boldly divided cr3Fstalline schists 

into two classes. Those which in chemical and 
^^^^^seh^s^f^^^ mineralogical composition are closely related to 

igneous rocks he designates with the prefix ortho^ 
^nd considers as probably metamorphosed igneous rocks. Other 
schists, however, are closely related chemically to sedimentary rocks, 
and these he regards as metamorphosed sedimentary rocks, and he 
<listinguishes them as ^ara-schists. We thus have ^r/Aa-gneisses and 
^^r^-gneisses according as thera is reason to believe that the rocks 
in question are metamorphosed, igneous or sedimentary rocks. 

1 Not yet published (Dir.). 
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In a general way the schists north of Ramagiri and Guma are 
^_,. of the ortho group, being somewhat coarse 

granitoid gneisses which m hand specimens 
would pass for granites. Both biotite and hornblende varieties 
occur, though the former is the commoner rock. Where not too well 
foliated, the felspars are large with a porphyritic tendency. The 
general strike is north-west. The best exposures occur north of 
Ramagiri, where the rock is so granitoid, that I was at first inclined 
to look upon it as granite. In the vicinity of Guma and Bagderi 
this rock is also abundant. (Specimens •^^, •^, -^ and -^.y 
At numerous points to the west and south*west of Jeypore, out« 

crops of a coarse grey potstone have been 
observed. Near Noaput and Outagaon some 
three miles from Jeypore small quarries have been opened and the 
potstone hewn for building stone and carved into idols. It is again 
seen between Bipariguda and Modpodor on the Ramagiri road. 
The largest masses, however, are found on the Malkongiri road, four 
or fiye miles beyond Kolar bungalow. In this last occurrence the 
rock alternates with quartz! tes and well-foliated biotite gneisses 
which have a well-defined north-west strike, dipping from 45^ 
-60^ to south-west. The potstone, however, is fairly massive in all 
the occurrences examined (specimens -^^ and ^^)* 

The schists south of a line from Kolar to Ramagiri belong to the 

fara class. Biotite gneisses, very poor in fel- 
spar, occur over the country from Kolar to Pan- 
gam and northward to Tetulgama and Ramagiri. These gneisses 
are well foliated and strike north-west, though the dip varies. To 
a very small extent possibly as crushed synclinals these rocks occur 
as bands in the ortho-gneisses already described. Hornblende gneiss, 
pistasitic quartzite, white quartzite, quartz magnetite schist and 
greyish slaty mica schists occur as subordinate members of the para 
group of schists. 

III. — HVPERSTHENB GRANITES. 

The hilly plateau country previously referred to forms the 

eastern part of the country geologically surveyed. 
Hypirsthem rocks. r^^^ hypersthene scries is bounded on the west 

1 Reference to register numbers of the petrological collection ol the Geological Museum^ 

Calcutta. 
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by the crystalline schistS| the irregular line of contact passing about 
north-north-east through Jeypore. The rocks composing these hills 
are characterized by hypersthene, generally accompanied by common 
red garnet, and vary in acidity from norites with a specific gravity 
of 3*07 (specimen •^^) to granites with a specific gravity of about 
a'70. When fresh they are of a bluish to greyish black colour. 
Very coarse and even porphyritic forms occur, but the even-grained 
dark aphanitic rock is more typical. 

These rocks occur commonly in Peninsula India, where they 

have been studied by many geologists of this 
r I us nomene ur . department. On account of their forming most 
of the hill masses of the Peninsula, Dr. King, late Director of the Geo- 
logical Survey of India, called them mountain gneiss. More recently 
Mr. T. H. Holland has studied them, and in a memoir, now in 
press, proposes to call them Charnockites in honour of the founder 
of Calcutta. Lehmann and others have given us very full descrip* 
tions of similar rocks from the granulite formation of Saxony, where 
on account of their close relations with the granulites, they have 
been variously called, diallage granulites, augite granulites, trap 
granulites and pyroxene granulites. The last name is now generally 
accepted for the Saxon occurrences. 

I prefer to use a nomenclature having reference to the mineralo- 
gical compositions, so that the names indicate the mineralogical 
composition and general nature of the rocks. 

In the Hill Tracts of Vizagapstam District a great elliptical 
mass of these<xocks appears to make up the most of the Eastern 
Gh&ts. The longer axis of the ellipse has a north-north-easterly 
direction, while the krea is probably four or five thousand square 
miles. The minor axis exteads from Jeypore to within five miles 
of Salur, a distance of about sixty miles. The comparatively small 

part of this great mass, geologically examined 
'''"o^wC^^' during the past field season, constitutes only 

the central portion of the north-western half 
of the ellipse. 

Both granitoid and gneissoid forms occur, though it is very 
probable that both forms are essentially the same from a genetical 
point of view. The gneissoid structure appears to have been induced 

by a pressure, acting at right angles to the major 

axis of the elliptical mass, and to the direction 
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of the usually imperfect banding or foliation. When examined 
under the microscope in polarized light, thio sections show that the 
constituent grains of the minerals of the gneissoid varieties of these 
rocks are so very free from pressure phenomena, that it is almost 
certain that^ the foliation was induced at a time when the tempera* 
ture of the rock was sufficiently high for it to be fairly plastic. 

The commonest variety of these rocks is a heavy bluish black 
massive form which the microscope shows to be granitoid in struc*> 
ture, and composed chiefly of anhedra of hypersthene, and almost 
equal parts of twinned and untwinned felspars. Next in importance 

are reddish earnets often idiomorphic. green 

HfPersthene syenites, i . i j i • . .. t. iJ^ ^.-a. 

hornblende, pale greenish augite, quartz biotite, 
and iron ores, but never sphene. Except the idiomorphic garnets, 
the other minerals are usually xenomorphic. Gneissoid varieties 
occur. The specific gravity varies from 2*77 to 3*00. This form 
may be referred to as hypersthene syenite. (Specimens -^ and '^^)» 
A more basic variety in which hypersthene and plagioclose are 

the chief minerals^ and garnet orthoclase^ 

greenish augite, iron ores, and a little horn* 

blende or biotite the accessories, resembles so very closely the 

ordinary norite, that it requires no special name^ in specific gravity 

it varies from 3*eo to 3*14. (Specimens -^^ -^^ and q^)» 

More acid varieties in which orthoclase and quartz predominate, 

and hypersthene and the accessories are less 
Hypersthene granUe. ^^undant, may be regarded as hypersthene 

granites. These granites in the field appear to pass^adually into 
varieties free from hypersthene, as is seen in the case of the rocks 
composing several of the hills between Goserla and Kolar (speci- 
men ^^). Here coarse and even porphyritic forms are much more 
frequent than in the case of the more basic varieties. Gneissoid 
rocks of this mineralogical composition occur. * 

In several places, associated with the hypersthene rocks above 

described, hypersthene diopside varieties were 

Diop side rocks. observed. In some a green spinel is present 

(specimen yH)' while in others plagioclase and sphene are parti- 
cularly prominent. ( Specimens -^^ -jS^, -^, VA» iVfff AV» ^^^ 
■XV). The relationship between these rocks and the commoner forms 
of the massif above described is very indefinite. Two of the occur- 
rences appear to be close to the border of the great igneous mass, 
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one near Kudbi and the other a couple of miles east of Kolar bunga- 
low. The third outcrop of diopside rocks is near Araku^ where 
numerous small hills are capped with this rock, while the intervening 
ground is occupied by the commoner forms of the hypersthene rocks. 
In this last case I do not know the distance from Araku to the border 
of the massif; as I did not explore farther to the south-east. 

Numerous small hills of the same lithological character as the 

large massif, not indicated on the accompany- 
^'''%itk^r^Ji^{^'' ing geologically coloured map, lie like islands in 

the schist complex, at distances up to three or 
four miles to the west of the western boundary of the main mass. 
The actual contact with the crystalline schists is nowhere exposed 
and the boundaries of the islands as well as of the main massif as 
marked on the geological map, are only approximate at best. 

I am inclined to regard these hypersthene rocks as forming a 

great igneous sfoci^ though it would be very 

gntous ortgtn. difficult to prove conclusively that this is the 

case. My reference to this very interesting group of rocks is pur- 
posely briefi partly, because a detailed report can more properly be 
prepared after the completion of the survey of the great massif, and 
partly, because they have been so exhaustively studied from various 
parts of the Peninsula by Mr. T. H. Holland and described by him in 
a memoir now in the press. 



IV.— CuDDAPAH System. 

The level plain extending from Kotpad to Nowrangapur, and 
south-east almost to Sashandi, offers very few points for geological 
observation, but wherever rocks are exposed, they are always found 
to be non-fossiliferous sediments. On this ground chiefly I have 
assigned them to the Cuddapah System. 

Near Kaliagura haematite quartzite, and ordinary quartziteare met 

with. The latter rocks in this section show in 
^'^''"/Jli^r'll'^anir' polarized light beautiful secondary growths of 

quartz on the old clastic grains. The interstices 
between the rounded grains of this former sandstone have been filled 
in by newly-deposited quartz -substance, the crystallographic orienta- 
tion of the new quartz always agreeing with that of the adjacent 
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clastic grains (specimen ^)« In several small ravines half a mile west 

of Sasbandl outcrops of purple shales occur. Similar rocks were 
observed in the bed of the Indrabati river near' Aoli. Three miles 
north of Kotpad, a few loose blocks of a calcareous hornstone were 
observed, though I was unable to find this rock in situ. These 
outcrops are only sufficient to lead one to suppose that the whole 
of the deeply alluvial-covered plain, of which Kotpad is the centre, 
is underlain by Cuddapah rocks. I have mapped it accordingly. 
Besides the Cuddapahs of the Kotpad plain, rocks of the same 

group occur along the Bastar-Jeypore bound- 

other Cuddapahs, r t> r al a r .1. 

ary from Bansuli, near the confluence of the 
laura and Kolab rivers south*westward as far as the Lokli hills, where 
the Kolab finally leaves Jeypore territory. This strip of Cuddapah 
rocks is quite narrow, never more than four miles wide. 

In the Jaura at Bunsuli purple siliceous dolomite is well exposed 

(specimen ^). The general strike is north- 

Jayra^KondaJofi ■ ^J^ . 

0ut€rops» easterly. Again some five or six miles south, 

near Kondajori small isolated hills of semi- 
metamorphosed red and white mottled dolomite occur. In some of 
these mottled dolomites peculiar coral-like structures abound. 
Though possibly of organic origin they are too badly preserved to 
enable one even to say definitely whether they are of organic origin 

or not (specimens ^ and ^), On the banks of the Kolab near 
^ ^ 457 477/ 

Korokpur, and again at Talur purple slates and shales crop out. 
Farther south, at Araguda, due west of Ramagiri, the Kolab forms 

cascades as it cuts its gorge through nearly 
Aragu a tmts one. horizontal, grey, argillaceous limestone. In 
places the limestone has been dissolved away by the running water, 
giving rise to phantastic pillars, which are often capped by loose 
perched blocks, pierced by circular openings, or meeting to form 
arches. Caverns along the banks of the river are common. A mile 

or two north, probably in similar rocks (specimen -^, occur the sacred 

caves of Gupteswar, where Hindu pilgrims assemble in large numbers 
for the annual feast which is held about the end of February. 

Near Tetulguma the Kolab traverses a highly metamorphosed 

conglomerate ;-— the general mass of the rock 
^'^lam^^t • *^ * ^^^y quartzose mica schist with pebbly 

bands an inch or two wide and from four to 
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eight inches apart. Within the pebbly bands the matrix of the 
pebbles is identical with the mica schist of the broad intervening 
bands, but the flattened pebbles appear to be uniformly of a some- 
what more basic material. Were the pebbles and the matrix of the 
same chemical composition, one might be inclined to regard the con- 
glomerate as of autoclastic origin, but this can hardly be accepted in 
view of the very different chemical composition of the pebbles and 
matrix (specimen -j^). At Tetulguma, as at Korokpur and Bansuli, 
the general strike is north-east to south-west. 

The hills Lekki, Tulsi, and Lokli are not so definitely related to 

the Cuddapahs. They are, in sfeneral. composed 
of coarsej somewhat friable quartzite, not com- 
pletely cemented by secondary quartz. On account of the friable 
nature of the quartzite, I have mapped them as Cuddapahs in pre- 
ference to including them in the crystalline schists. 

Some of the quartzites along the boundary between the Cudda- 
pahs and the schists bear a close resemblance 
^* to some of the Dharwar rocks. I thought them 

worth testing for gold, but on crushing and washing not even a colour 
of gold was obtained and unfortunately no fire assays were made. 

v.— Diabase. 

Some of the small hills close to Jeypore are composed of a 

black compact rock resembling some of the 
Diabase, intermediate forms of the hypersthene series. 

The microscope discloses it as a somewhat altered ophitic diabase. 
Some two miles west of Ramagiri similar rocks occur, but in them 
the augite and plagioclase have been altered, giving/ise^ to an 
epidiabase. The outcrops are quite unsuited to determine the 
nature of the geological relationship, though on lithological grounds 
it is probable that these rocks occur as dykes (specimens ^^, 
AViand^). 

VI.— -Dynamics. 

It has already been mentioned that the general strike of the 
oldest group of rocks, the crystalline schists, is north-west. This is 
the direction of the best foliation, though one often observes slicken- 
sides with a north-easterly direction. In the country surveyed the 
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hypersthenft rocks without exception strike in a north-easterly direc* 
tion. Thin sections of the gneissoid varieties of these latter rocks, 
when examined in polarized light, are usually seen to be so perfectly 
free from pressure and tension phenomena, — undulatory extinction 
and granulated borders of quartz grains for examples,*-that one is 
compelled to conclude that the pressure acting at right angles to 
the foliation of the hypersthene rocks, which induced the foliation, 
must have acted at a time when the rock was in a distinctly plastic 
condition and very probably at a high temperature. The Cuddapah 

rocks when not horizontal) as in the case of the 

T90 strike directions, . i i* . -. 

Araguda limestones^ or quite massive as are some 
of the quartzites invariably, have an approximate north-eastern strike. 
From these facts it may be deduced that the oldest rocks are the 
crystalline schists, which, before the intrusion of the great igneous 
massif, or the deposition of the Cuddapahs, were acted upon by an 
earth movement from the north*east or south*west, giving rise to 
the north-west foliation, which is quite wanting in the case of the 
younger groups of rocks. Later the hypersthene rocks were intruded 
and the Cuddapahs deposited, and a new force acted from north-west 
or south-east, giving rise to the foliation of these two rock groups 
and inducing the slickensiding of the crystalline schists. It must 

not be inferred from this, that when this second 
«0 ages Of roc s, ^^^y^ movement began, that the Cuddapahs 

were already deposited and that the hypersthene intrusion was 
taking place. This would mean that the hypersthene rocks are 
younger than the Cuddapahs, while the earth movement may have 
acted during a very long period, beginning with the intrusion of 
the igneous mass and giving rise to the uncrushed foliated rock 
from the plastic mass, while during the long period of its action the 
Cuddapahs were deposited, and the same strike imparted to them 
as had already been taken on by the hypersthene rocks. 

It is remarkable that in this large area dykes are quite absent, 

unless we regard the few diabase outcrops as 

Absence of dyke rocks, a* r j i 

portions of dykes. 



VII.^EcoNOMic Geology. 

Nothing of special economic value has been discovered in the 
rocks of the area described in thb report 
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Iron 18 manufactured locally in scores of villages scattCi ed over 

the country occupied by the crystalline schists, 
though I have no knowledge of such occurrences 
outside that group of rocks. The ore varies from magnetite quartz- 
schist (specimen ^-^ near Modpodor, concretionary limonite near 
Malsama, to compact limonite near Bagchua (specimens -^^ and 
■j^). There are no extensive workings, and I believe that the 
limonites are only superficial formations from which no great 
quantity could be obtained. Outcrops of quartz magnetite schist, 
however, belong to a di£Ferent class, for in them the ore is a member 
of the crystalline schists, and in them larger quantities possibly, and 
of richer grade may be found by exploration. At present, however, 
in any case the great distance from any means of easy transport 
renders these ores comparatively valueless, and an industr)^ of 
modern proportions is impossible. Under careful conservation the 
forests in the vicinity of Modpodor and Ramagiri are capable of 
furnishing an abundance of charcoal for iron working. 

The method pursued by the villagers in manufacturing iron is 

very simple. Charcoal and iron ore, broken to about 

^'*"*yo5^ir' *" "^^ ^'^^ ^^ walnuts, are mingled, and smelted in 

an upright cylindrical clay furnace about 8 
inches in diameter and 30 inches in height. 1 he furnaces are built into 
the wall of a pit, and supplied by means of the common bellows with 
blast from below. The iron produced appears to be of good quality, 
as it is used for making sickles, ploughshares, axes, and, in fact, almost 
all iron implements used by the villagers. 

Potstone occurs to the south-west of Jeypore, towards Noaput 
p and Outagaoui and is being used to a small 

extent for building purposes and for the manu- 
facture of idols. It is much more abundant and of slightly better 
quality south of Kolar, though in none of the outcrops examined 
was the rock of a very high quality. 

The limestone along the Kolab near Araguda, and possibly some 

of the limestone in the vicinity of Kondajori, 
could be used for the manufacture of lime, 
while some of the mottled dolomitic limestone from the latter 
locality are very pretty as ornamental stones when polished. 
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Reference has already been made to the quartzose rocks along 
Gold (?) ^^^ boundary between the Cuddapahs and the 

crystalline schiits. Some of these rocks so 
closely resemble auriferous rocks of the Dharwar system, as to be 
worth prospecting. IHs well known that in certain places along the 
Kolab the sands yield small quantities of gold on washing. 



Notes on the Relationship between the Productus limestone and the 
Ceratite formation of the Salt Range^ by Fritz Nobtling, 
Ph. D. (Berlin)i F. G.^S., Palaeontologist^ Geological Survey of 
India. 



I.— Introduction, 

Ever since Dr. Fleming's discovery of a rich fauna in beds which 
he called '' Productus limestone " the latter have excited the greatest 
interest amongst geologists. Dr. Fleming's collection was sent to 
Europe^ and owing to the frequency of Producti the strata con- 
taining this fauna were pronounced to belong to the carboniferous 
system, and were correlated with the mountain limestone series. 
But not only did Dr. Fleming collect palaeozoic brachiopods, but 
also a considerable number of ammonites, which belonged exclu- 
sively to the group of Ceratitidas ; his statement that they occurred 
together with the Producti was discredited and considered to be 
based on wrong observations. Yet Dr. Fleming's statement was by 
no means such an erroneous one, as it was generally believed to be, 
and if the evidence had been considered not so much from the stand- 
point of the geological dogma, our views regarding the age of the 
productus limestone and the ceratite formation would have been 
altered long ago. 
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On the authority of Dr. Verneuili Davidson, Dr. Koninck, and 
Murchison, the productus limestone was pronounced to be of car* 
boniferous age, and this view Mr. Wynne adopted in his excellent 
memoir on the Salt Range ; he considered the productus limestone 
to be carboniferous and the '^ ceratite formation " as triassic. This 
is to be regretted; as Mr. Wynne himself noticed the very graduat 
passage from the productus beds into the ceratite formation, and it 
will be admitted that if we assume the productus limestone to be 
carboniferous, it is pritnd facie impossible that the ceratite formation 
can represent the triassic system, and if we consider the ceratite 
formation to be triassic, the beds underlying the same cannot 
possibly represent the mountain limestone, considering the gradual 
passage which exists between the two series of beds. 

The late Professor Waagen was originally inclined to believe in 
the carboniferous age of the productus limestone,^ but as the 
determination of the fossils progressed, he felt himself obliged to 
change his views considerably, and after various alterations he 
finally decided that the productus limestone plus the lavender clay 
and speckled sandstone represented the permo-carboni(erous and 
the whole of the permian system.' 

In his subsequent publications dealing with the ceratite formv 
ation, Professor Waagen stated positively that there existed a brealf 
between the ceratite formation and the productus limestone and 
that the equivalents of the Otoceras beds of the Himalayas were 
absent in the Salt Range. 

When I visited the Salt Range for the first time in January 1894, 
I had an opportunity of observing the fine section in the Chideru 
ravine. The strata exposed range from the lavender clay up to the 
upper ceratite limestone, though owing to a local fault, the lower pro- 
ductus limestone could not be observed. It is sufficient for our 
purposes to say, that an uninterrupted sequence of beds from the 
middle productus limestone (Kalabagh beds, Waagen), up to the 
upper ceratite limestone (zone of Siephanites superius, Waagen), 
could be observed. I noticed at once that there existed a gradual 
passage between beds which owing to the occurrence of Productus 
tndtcus unquestionably belonged to the permian, overlaid by beds 
which contained numerous though ill-preserved specimens of ceratites 

1 Mem* Geofof. Survey of India, Vol. IX., p. 353* 
* Salt Range Fossils. Geological RewilU, p. 34^- 



178 Geological Survey of India. 

species. Unfortunately I had not sufficient time to study this sec* 
^icn in detail and my notes were put aside until a more favour- 
able opportunity should arrive. 

When returning from Baluchistan in November 1898, I paid 
another hurried visit to Chideru in order to verify my previous 
observations ; but before publishing the results, it was deemed neces* 
sary that I should devote more time to the study of the productus 
limestone and the triassicbeds at other localities in the Salt Range. 
I was consequently deputed during the field season 1899- 1900, to the 
Salt Range, where I visited and carefully examined the sections near 
Virgal, Warcha and Chideru. Although there are still many other 
localities which could not be visited, the study of the above sections 
has proved with absolute certainty the existence of a gradual passage 
between productus limestone and ceratite formation. This is no new 
discovery so to speak, because Mr. Wynne had already noticed the 
same, but my observations proved enough to show that Waagen's 
belief in an unconformity between the productus limestone and the 
ceratite formation, which he has distinctly set forth ^ in the now 
famous paper on the sub-division of the triassic system is abso* 
lutely erroneous. But more than that, I succeeded in discovering a 
species closely related to Otoceras^ not as I expected, below the 
lower ceratite limestone, but actually right in the middle of the 
ceratite marl, thus not only proving that Otoceras beds exist in the 
Salt Range, as I have always maintained on stratigraphical grounds, 
but that the ceratite marls have to be considered to be the equi- 
valent of the Otoceras beds. 

In addition to the above I discovered that the main layer of 
Xenodiscus carbonariusy Waagen,' is considerably lower down in the 
sequence than believed to be by Waagen. A few more observa- 
tions regarding the boulder bed, speckled sandstone and the lower 
productus limestone enabled me to trace satisfactorily the relations 
between the glacial palaeo-dyas and the marine neo-dyas. 

It would be out of place to go into details in a preliminary note, 
and I reserve to myself the right of being more explicit in a subsequent 
paper. It will be perfectly sufficient if I give here the section near 
Chideru, and also set forth the sub-division of the productus lime- 

'Entwurf einer Gllederunfif d. pela^ . Sedimonte d. Trias Systems. Sitzun^ber d. K. K 
Akadamie d. Wissensch, 1895, Vol. CIV, Pt. i , p. 12 71 ff. 

s In order not to cause mistakes 1 retain Waagen's namei though in many cases I do 
not agree with him as to the correctness of the determinations. 
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stone and ceratite formation as adopted by me on the strength of 
my recent observations. 



2.— Section in the Chideru Ravine. 

The small village of Chideru is situated in the western part of the 
Salt Range, about 12 miles north of Wanbachran railway station, and 
therefore easily accessible during all times of the year. To north-east 
of the village, which is right at the foot of the hills, a tortuous 
and wild glen cuts through a low rahge, which is succeeded by 
a fairly broad valley ; it is here where the passage between 
productus limestone and ceratite formation can best be seen. 

At the foot of the hills a detached mass of middle productus 

limestone, dipping at a high angle towards westi and disappearing 

under the alluvial deposits will be met with. It is much shattered 

and separated by a small fault from a purple coloured sandstone. 

The latter is followed by the lavender clay the beds of which form a 

distinct flexure. Above the lavender clay follows a series of beds. 

the exact nature of which could not be ascertained as they are covered 

with debris from the middle productus limestone. Then follows the 

middle productus limestone, obviously a slipped mass, which is 

separated from the main range by a fault. In the main range 

we first have a slope, covered with talus, probably hiding the lower 

part of the middle productus limestone, then the middle productus 

limestone forming a precipice facing west, and dipping about 50^-60^ 

north-east. Then follows in an uninterrupted series, the upper 

productus limestone, and the ceratite formation, which dips towards 

the productus limestone on the northern side of the valley, thus 

proving the existence of another fault. In descending order the 

section is as follows :— 

Ft. in. 

26. Whitish calcareous sandstone 12 o 

25. Stachella sandstone 50 

24. Olive coloured, thin bedded limestone, alternating with . 50 o 

marls of the same colour (Zone of SiephaniUt $u* 

pirbus). 
23. Olive coloured, somewhat brownish, rather hard calcareous 10 o 

sandstone, with numerous specimens of FUmingites 

flemin£^ianus,'Wazgen, and Aspidites iuperbus, Waagen 

(Zone of FUmingites fiemingiauus), 

N 2 
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FtJ id. 

o 



5 o 
6 



22. Dark bluish green marls having a few thin layers of lime- loo 
stone imbedded. Fossil very common, the following 
Zones could be distinguished^ 

Zone of Koninckitervoluius, Waagen . 

Zone of Pfionolohms rotunthtus, Waagen. 

Zone of Celiites spec. 

21 Dark brown, hard and flaggy llimestone with numerous 

ill-preserved fragments of Cerfl^f*#5 . . . .30 

To orrrb'Town, hard and flag^ limestone with numerous 
ill-preserved fragments of C«ra/t<M . . . . 

18. Light brown, thinly-bedded sandstone separated by 

argillaceous layers . • ' - * / . * " ^ "^ 

17 I im^tone of rusty brown colour, hard and ringing under 

%he hammer ; indistinct traces of ammon(«(/5a . . 04 

16. Light brown, thinly-bedded sandstone separated by 

argillaceous layers . . ' •„ / ut * ^ 1 
15, Hard! dark, calcareous sandstone, fu of smal frag- o 6 
ments of shells, apparently BelUrophon (?) or 

Stachella. 
14. Shaly calcareous sandstone of brown colour, apparently 

unfossiliferous . • •• ' Iau^^ 

10. Hard, dark brown, calcareous sandstone separated by 4 3 
argillaceous layers, full of fragments of shells {BelUr- 
ophon (?) or Stachella). 

lu?S\y^ed rather* soft* sandstone of Paje /ellow 5 6 
colour forming a very continuous bed, subdivided by 
a few argillaceous layers only. Unfossiliferous. 
10 Light brownLclay, with strings of calcareous sandstone 

and gypsum, unfossiliferous 

9. Hard limestone of light brown colour, full of- 

Beller ophon impr$ssus,V/&^en • .16 

SehtBodui pinguis, Waagen. 
8 Soft yellowish sandstone, unfossiliferous . - '. 4 o 

7. Soft sandstone of light yellow colour, full of large speci- 

mens of Produeius indicus, Waagen . . . .90 
6. Soft sandstone of dark brown colour containing numerous 
specimens of — 

Produeius indieus, Waagen, 
Oldhamina dectpiens, Koninck, 
Dgntalium herculaneum, Waagen . 25 o 

5 , Soft rusty brown sandstone, with hard calcareous layers, 

full of— 

Derby ia hemispherica.'WsLazen , . 120 o 



12 o 
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Ft. in. 
4. Hard, brown sandstone in thick layers apparently un« 

foisiliferous 65 o 

3. Ydlow sandstone with hard streaks, full of— 

Productus indicus, Waagen. 
Productus earth d'Orbigny • • • 50 o 

^. Greenish clay apparently unfossiliferous • . • 25 o 
I. Hard nodular limestone of grey colour, full of fossils, 

thickness not measured, but representing the typical 

middle productus limestone. 

If we go through the above section, the single beds of which, as 
cannot sufficiently be emphasised, pass so gradually into each other/ 
that it is frequently difficult to draw the boundary between the same, 
we may observe t^at there cannot be the slightest doubt as to the 
age of the beds i, a to 9, and 17 to 26. 

The beds 17 to 26 represent the ceratite formation in its hori- 
zons as distinguished by Wynne, vis^ :— 

Ft. in. 

24 > Upper ceratite limestone and ceratite sandstone . 77 o 

23) 

22 Ceratite marls ••••••• 120 o 

21-17 Lower ceratite limestone • . • • 12 10 

The beds a to 9 unquestionably represent the upper productus 
limestone. Bed i represents the middle productus limestone. 

There remain therefore only beds 16 to 10 having an aggregate 
thickness of 29' i'^, the stratigraphical position of which remains 
somewhat uncertain for the present, owing to the absence of dis« 
tinct fossils. The lithological character of the beds from Nos. 15 to 
10 is however such that I would unquestionably include them in the 
upper productus limestone as it is more in accordance with the 
lower than with the upper beds. It is extremely unfortunate that 
the fragments of the shells are so minute, that it is impossible to say 
whether they belonged to the genus Bellerophon or Sfachella. 

The above section proves unquestionably the gradual passage 
between the productus limestone and the ceratite formation ; but 
in order to understand the conditions more clearly we may sum* 
marise the lithological facts in the following way : 

In the middle productus limestone hardi white limestone in 
thick beds prevails. This is gradually replaced by soft limestone 
of brownish colour separated by argillaceous beds of considerable 
thickness, in various tinges of yellow or brown. The colour of the 



i83 Geological Survey of India. 

shales gradually darkens to bluish green, as can be particularly- 
well seen near Vergal; and the limestone bands become more 
subordinate. The lower part of the ceratite marl is dark blue, 
but the colour gradually gets lighter, at the same time thin beds of 
limestone, argillaceous limestone, even sandstone, make their 
appearance, and towards the close of the series whitish beds appear. 

Whatever view may eventually be held with regard to the ceratite 

formation I cannot sufficiently emphasise the fact that stratigraphic- 

ally it belongs to the productus lime;stone series, from which it 

•cannot possibly be separated, and any attempt at a sub-division must 

absolutely and solely be based on palxontological grounds. 



3.— Notes on the productus limestone. 

Further east of Chideru a very fine section from the middle 
productus limestone up to the base of the ceratite formation can 
be seen. The beds are here particularly rich in fossils. It was at 
this place that I discovered the main layer of Xenodiscus carbon^ 
artus which occurs in about the topmost 20 feet of the middle 
productus limestone together with Productus indicus. 

Under these circumstances it is no longer admissible to dis- 
tinguish a separate cephalopod bed within Waagen's meaning, in the 
upper productus limestone, particularly if we keep in m'ind that 
the cephalopods in this group are extremely rare. 

Unfortunately I had no opportunities of studying the lower pro* 
ductus limestone in greater detail, because it is nowhere well devel- 
oped in the localities which I have visited. I have, however, been 
able to ascertain, that if developed together at the same place, the 
glacial boulder bed is always the oldest in the series ; this is over* 
laid by the speckled sandstone beds, which in their turn are followed 
by the lavender clay ; the lavender clay passes gradually into the 
lower productus limestone. 

So far only very few fossils have been found in the lower part 
of the series, namely, bivalve casts and Conularia nodules. 

The productus limestone fauna makes its appearance very sud- 
denly, and in the lowest fossiliferous bed which I could discover the 
same fauna prevails as in higher beds. 
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The following is the sab-division of the permian in the Salt 
Range according to my interpretation : — 



Ceratite sand- 



Ceratite marb. 



Zone of Slefhanites tuftrbus, Waagen. 



Zoneol FUmingiUsfitmingianus, Waagen. 



Zone of Koninohitts volutut, Waagen. 



Zone of Prionolobus roluntalus. 



^ Zone of Ctltilet sp*c. 



Zone of Euphtmut indisui, Waagen. 



Upper 
product us 
limestone. 



Zone of Dtrbyia hemitphariea, Waagen. 



Zone of Produclui lineatut, V/aagen. 



Zone of X^Hodiscus Citrbonariui, Waagen 



Middle 
productus 
limestone. 



Zone of Lyttonitt nobttii, Waagen. 



Zone of Futulina eattatnsis, Waagen. 



Zone of Spiriftr marcoui, Waagen. 



Lavender clay, unfossiliferous. 



^ Zone of CoHularia Itevi'galj, Waagen. 



Zone of Euryditma gtobotum, Waagen 
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Progress report on the Survey of Spiti and adjoining areas, by 
H. H. Hayden, B.A., B.E., Officiating Deputy Superintend 
dent^ Geological Survey of India. 

In order to resume the work begun in the summer of 1898, 1 re- 
turned to Spiti in May of last year. I was accompanied on this 
occasion by my colleague, Dr. A. von Krafft, to whose valuable assis- 
tance must be attributed much of the progress made during the past 
season. 

A short summary of the results obtained in 1898 has already 
been published in the last "General Report, " 1898-99,* from 
which it will be seen that special attention was paid to the older 
beds of Spiti, including the palaeozoic group and the lower trias. 
The chief object in view, therefore, during the past season was to 
examine, in as great detail as was possible in the time at our dis- 
posal, the remainder of the mesozoic group, and also to complete 
the geological map of Spiti and carry the survey, as far as possible, 
into the adjoining areas. Although much of this has been accom- 
plished, and the results obtained have proved to be more compre- 
hensive and more important than we had expected, yet a few points 
still remain doubtful and it is desirable, before publishing an account 
having any pretensions to completeness, that these should be cleared 
up by a short visit to certain localities, which owing to want of time 
have hitherto received less attention than they deserve. 

The earlier part of the past season was devoted to an examination 
of the whole sequence of rocks found in the valleys of the Pin and 
Parahio rivers. I then left Spiti and crossed the Minirang pass into 
Bashahr, where I completed the map of the north-western portion of 
that state, working round eventually to the junction of the Spiti and 
Pdra rivers, whence I crossed a portion of Hundes, striking British 
territory again at Ch^gya Sumdo in Rupshu. I thence worked up to 
Tso' Moriii and mapped as much as was possible of the portions of 
Rupshu adjoining Spiti, returning to Kibber via the Pirang La'.« 
In the meantime Dr. Krafff, who had remained in Spiti, had been 
engaged in mapping some of the north-eastern parts of that area, 

> See pajres 1 1 to 22 and 46 to 50. 
5 Tso=lake. 
s La^pass. 
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and in working out in detail the whole of the mesozoic group from 
lower trias to cretaceous : he then joined me at Kibber and we 
worked out vta Losar and the Hamta pass to Kulu. 



Spiti and Bashahr. 
Palxozoic Group, 

Haimanta system. — ^There is little to add to the notes made in 
1898 with reference to this system : we have still failed to find in 
Spiti any trace of the lowest sub-division, as seen in the eastern 
Himalayas, via.^ that characterised by the prevalence of conglo- 
merates.* 

The middle division, as seen in Spiti, was described in the pre- 
vious summary. In Bashahr it is exposed in 
the Thanam and Sutlej valleys and consists 
in the former locality of quartzites and slates with beds^ of grit to* 
wards the top. 

In the Sutlej valley below Hango the rocks of this division have 
been much altered by intrusive granite and are represented chiefly by 
quartz schists and garnetiferous mica schists with Kyanite. 

The upper haimantas ( " red quartz shales " of Mr. Griesbach *) 

are well developed in Bashahr, and are more 

Upper hafmantas, . * • ^. *, . ^^ . . — ,. 

characteristic than in Spiti. They consist 
of dark blue, black and green magnesium slates, weathering bright 
red and yellow^ with subordinate bands of quartz schist and black 
carbonaceous shale, — the whole having a thickness of not less than 
1,000 feet. 

It has already been recorded ( see previous report ) that in the 
upper Cambrian " trilo- valley of the Parahio river in Spiti, these " red 
bite beds." quartz shales *' are overlain by a series of 

quartzites and slates, with thin bands of reddish brown dolomite, 
and in these beds upper Cambrian trilobites were found in 1898. 
Wherever the upper haimantas have been found, careful search has 
been made for these "trilobite beds/' but except in the Pin 
valley near Muth, fossils have not been discovered in any new * 
locality, 

> Mem., G. S. I ., vol. XXI 11, p. 51. 
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A detailed examination of the original section in the Parahio valley 
Cambrosilurian vnam- proves that an important unconformity exists 
formtty, between this series and the overlying Silurian 

grits and quartzites. The highest member of the upper Cambrian 
is a thick bed of reddish-brown dolomite, which is apparently always 
overlain by one or more bands of conglomerate. The lowest of these 
bands is made up of fragments of the dolomite, and varies in thickness 
from about five feet to nearly two hundred ; in the former case it 
lies on an eroded surface of the dolomite, but in the latter, it com- 
pletely replaces the dolomite, and rests unconformably on the shales 
and quartzites of the ''trilobite beds." 

The upper conglomerate is composed of fragments of quartzite 
probably derived from the upper and middle haimantas, and has been 
found in every section examined, whereas the lower or dolomite con- 
glomerate is occasionally absent, as is the case in the Thanam valley. 
The boundary between the upper cambrian and silurian systems should 
probably be taken at the base of these conglomerates, and not, as was 
originally suggested, at the base of the reddish-brown dolomite : this 
assumption, however, is based merely on the intimate lithological con- 
nection between the dolomite and the underlying bedsi for no fossils 
of lower silurian age have yet been found in Spiti. 

Silurian.^'li is possible that no lower silurian rocks occur in this 

area, for there is no trace of the "lower silurian 
coral limestone ** found by Mr. Griesbach in the 
Niti sections, its place being apparently taken in Spiti by the upper 
Cambrian trilobite beds and conglomerates ( in the Parahio valley )i 
and by the conglomerates, with portions of the trilobite beds, in the 
Pin valley and other localities. 

Throughout Spiti the higher conglomerate passes up gradually into 
the great system of red grits and quartzites referred by Mr. Griesbach 
to the upper silurian. In Spiti no trace of fossils has been found in 
this series, but it is overlain by some 650 feet of shales, and lime- 
stones containing an undoubted upper silurian fauna, and its age is 
therefore probably either middle or lower silurian. 

The upper silurian rocks were briefly described in my previous 

report Further collections made, during the 

Upper Silurian. • 1 j i • £ ^ t 

past season, include several specimens of c0/y- 
mene sp., numerous brachiopods and very fine specimens of 
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Halysites catenularia, Lmck., and the assumption of an upper 
Silurian age for these beds has now been confirmed. 

The grey coral limestone containing Halysites eatenularia is over- 
lain by about 100 ft. of hard, grey, siliceous lime- 
roontan. stone, weathering brownish-red ( — ** red crinoid 

limestone,'* Griesbach). A few fossils have been obtained from this 
limestone, but they are not sufficiently well-preserved to throw much 
light on the question of the age of the rock : its position, however, 
—immediately overlying upper silurian beds — would indicate a 
devonian age. But further search in the sections near Lio in Bashahr 
would probably result in the discovery of better fossils. 

The red crinoid limestone passes up gradually into a reddish 
quartzite, which in turn shades off into the white (Muth) quartzite. 

Carboniferous and pertnian. — In the section near Muth— ** south- 
ern facies'' (Stoliczka) — this quartzite is overlain by a few hundred 
feet of limestone which is separated from the Overlying permian sand- 
stone and productus shales by a thin bed of conglomerate, while in the 
sections in lower Spiti (the ''eastern facies"), the productus shales 
and their associated sandstone (or sandy limestone) are underlain by 
conglomerates which pass down into several thousand feet of alter- 
nating shales and quartzites, and neither the white (Muth) quartzite, 
nor the overlying limestone, are seen : it was, therefore, supposed by 
previous observers (Stoliczka and Griesbach) that an unconformity 
existed between the carboniferous limestones and the productus shales. 
This unconformity— which occurs ^at the base, not of the productus 
shales but of the permian calcareous sandstone, which everywhere 
immediately underlies the productus shales — has now been traced 
throughout the whole length of Spiti and northern Bashahr. In Spiti 
the characteristic facies of the upper palaeozoic is the southern of 
Stoliczka, w«., the white (Muth) quartzite overlain by a relatively small 
thickness of grey limestone, upon which the permian sandstone rests 
unconformably. At the head of the Thanam val^y, the limestone gra- 
dually disappears and the sandstone lies on the white quartzite, which> 
however, as the outcrop is followed from west to east, also dies out, and 
so on with the underlying beds until the permian sandstone is found 
resting with apparent conformity on the red silurian quartzite. Higher 
beds then gradually re-appear, and at the Hangrang pass, between 
Sungnam and Hango, the sandstone rests on the lower beds of the 
upper silurian limestones. North of Hango the white (Muth) quartzite 
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is again seen in small patches, gradually increasing in thickness, till 
above Lio in the valley of the Lipak river, what appears to be a 
complete section of the carboniferous and permian beds is found. 
The section up to the top of the Muth quartzite is perfectly normal ; 
these follow in ascending order :— 
{a) grey limestone, 
(b) alternating beds of limestone, shale and quartzite, with a 

thin band of conglomerate, 
(r) thick mass of hard, dark limestone, with some flaggy sand« 

stones and slates, 
{d) shales and quartzites (the "eastern facies" ), 
{e) conglomerates and g^rits passing up into calcareous sand- 
stone (permian), 
( /) productus shales. 

This is probably the most complete section of carboniferous and 
permian beds yet known in the Himalayas, and the total thickness 
from the base of the Muth quartzite to the base of the productus 
shales is certainly not less than 5,000 feet 

Fossils have been found in a, r, </, and e. In the lowest bed 

(fl),— "upper carboniferous limestone (8/1)" of 
fupper^cJ^^ous. Griesbach ^ — brachiopods are common, but as., 

a rule badly preserved : they include the genera 
Producius^ Athyris, Dielasma Derbyia and Syringothyris^ the last- 
named being the commonest, and being represented by at least two 
species, which, however, jowing to the bad state of preservation of 
the specimens cannot be identified with certainty. One species, 
however, is indistinguishable from a form described by Dr« Diener ' 
as S, cuspidata, Mart. Diener's specimen was collected by Stoliczka 
near Kuling in Spiti, where this limestone is exposed; the specimen, 
however, would seem too fragmentary to warrant specific identifica- 
tion. 

Fossils occur at several horizons in the sub-division {c) These 

include species of SyringothyriSj Spiriferina^ 

Rhynchonella ^cf. pleurodon^ Phill.), Discina, 

1 Mem., ":. S. I., Vol. XXIU» p. 316. 

s Pal. Indiai, aer. XV, Vol. 1, pt. 2, p. 76. Dr. Diener infers that the specimea ms collected 
from a lower carboniferous limestone which, in Niti, occur below the white (Muth) qoartxite; 
this bed, however, is not exposed at Kuling, the lowest member of the section being the white 
quartzite. The matrix, too, is indistinguishable from that of specimens collected by us in 
Spiti in the upper limestone (8a). His inference of a lower carboniferous age is therefore hardly 
Justified. 
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Athyris^ ProductuSy Choneies^ Derbyia, As a rule the specimens 
are too poor to be identified specifically, but they strongly resemble 
forms from the productus limestone of the Salt Range and are prob- 
ably of permian age. A pygidium of Phillipsia^ closely resembling 
P. cliffordt, Woodw., was also found in these beds. 

In the time at my disposal it was possible to make only a super- 
„ . ., ficial examination of this section, but the re- 

mtives of the** Productus semblance between the series of quartzites and 
mestone, limcstones and the productus limestone series 

as seen on the North- West Frontier is very striking, and it is pro- 
bable that a detailed investigation would throw considerable light on 
the true relation and extent of the carboniferous and permian sys- 
tems of the -Himalayas. 

The overlying shales and quartzites attain a thickness of about 

4,000 feet| but are rarely fossiliferous. Near 

** Fenestella shales.'* r>i_ r*.i.i--i_ i-ii_t 

Po, however, some of the higher shale bands 
contain large numbers of Bryozoa chiefly Fenesiella^ and these beds 
probably represent the Barus or Zewdn beds of Kashmir. BracHiopods 
also occur, but they are very badly preserved. 

These shales and quartzites are overlain by grits and conglo- 
merates of varying thickness, passing up into a 
mera es. coarse calcareous sandstone or sandy limestone. 

Fossils, chiefly Producti^ occur in the grits, but they are badly 

preserved as a rule. The calcareous sandstone. 

Petmiutt sufuistoftet , , 

however, contains numerous brachiopods^ among 
which the following forms have been recognised : 

Spirifer musakAeylensis, Dav. 

I, cf. niiiensis, Diener. 
Athyris gerardi^ Diener. 
„ suhtilita. ^9 

Productus purdoni^ Dav. 
Martinia glabra^ Mart. 
Dielasma sp. 

In Spiti and Bashahr this bed invariably accompanies the 
productus shales, with which it seems always to be intimately con- 
nected. Below it occurs the great unconformity which is so strongly 
marked in the southern parts of Spiti and in the Thanam valley* 
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The underlying conglomerates, which are well seen near Po 
^ , ^. , , and^ Dankhar, were supposed by Mr. Oldham, 

CarrelahoH of eongU* • • i • •. . 

merate ofPo vith Blaini who Visited these localities, to be of glacial origin, 
pr a y incorrect, ^^^ j^ ^^^ suggested that they might be homo- 

taxial with the boulder slates of the Blaini series.^ These again 
have been correlated with the Talchir and Salt Range boulder-beds." 
My doubts as to the correctness of the former correlation on litbo- 
logical grounds, have already been stated.* These doubts have been 
considerably strengthened by the discovery of the limestones and 
quartzites of the Lipak river; for if, as seems probable, they are the 
equivalents of the productus limestone of the Salt Range, then the 
overlying conglomerates must be considerably younger than the Salt 
Range boulder bed. This emphasises the necessity for a more 
detailed investigation of the Lipak limestones. 

At the north-west end of Spiti also, at Losar, the carboniferous- 
permian beds are almost, if not quite, as thick as at Lio ; but at 
the time of our visit the country was almost completely covered 
with snow and it was impossible to examine the beds in any detail. It 
is evident, however, that throughout-the greater part of Spiti these 
systems are comparatively thin, but, towards both the north-western 
and south-eastern boundaries, they suddenly increase in thickness. 
Further collections of ammonites have been made from the upper 

part of the productus shales, but they have 

not yet been worked out. 
The following table contains a rough classification of the 

palaeozoic systems of Spiti and B ashahr, refer- 
^p^aog^syXmt^ red as nearly as is at present possible, to their 

probable European equivalents. 



Productus shaUs. 



Black shaless" Productus 
shales." 



With Xenodticus earbonarius, 
Waag., Cyclolobus cf. oldkami, 
Waag., and other cephalopoda in 
the upper part, and the usual 
brachtofoda of the '* productus 
shales " in the lower. 
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^ Records, G. S. 1^ Vol. XXI, p. \$\. 

• Manual of tha Geology of India, and Ed., pp. 135, 806. 

s Genoral Report, G. S. I., i898-99/p« 48. 
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Calcareous sandstone or 
sandy limestone, under- 
lain by grits and conglo- 
merates. 



Alternating beds of Bbale 

and quartzite. 
Limestones, slates and 

quartzites. 



Grey limestone, often oolitic 
and crinoidal. 



White quartzite = " M uth 
quartzite " (Stoliczka). 



Grey siliceous liniestone, 
weathering brownish red 
=•* Red crinoid lime- 
stone " (Griesbach). 



Limestones, 
slates. 



marls and 



With Spirifer musakheylensit, 
Dav., A thyrit gerardi, Diener, 
Athyris tubtiliia, Diener, PrO" 
ductus purdoni, Dav., Martinia 
glabra J Mart., Dielasma sp. 



With numerous hryoeoa and 
brachiapoda. 

With PhilUpsta cf. cltfordi, 
Woodw., ^ Syringotkyris sp., 
Spirifdrina sp., Rhynchonella 
ct. pleurodon^ Phill., Discina 
sp., Athyris sp., Producius sp., 
Chonetes sp. and Derbyia sp. 



With Product u St AtkyriSf 

Dielasma^ Syringotkyris (the 
last named genus very common). 



Apparently uofossiliferous • 



With fragments of crinoids and 
brachiopods. 



With Halvsites catenularia, Lmck., 
and other corals in the upper 
beds 

and 
Calymene sp., Strophomena sp., 
in the lower. 



c 

g 

•a 

B 

ca 
10 

§ 

b 

'c 
o 



CO 

u 



P Caiboniferotts. 



P Devonian. 



Upper Silurian. 



Red gritty quartzite, under-' Apparently unfossiliferous • 
lain by conglomerate. 



Slates and quartzites, with 
a few bands of dolomite. 



Red quartz- schists, slates 
and carbonaceous shales. 



Quaruites and slates 



With upper Cambrian trilobitcs • 



P Lower silurian. 



Upper Cambrian. 



Upper haimanta. 



Middle haimanta. 
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Mesozoic Group. 

Trias. — During the season of 1898 work was confined chiefly to 
the lower trias including the "Otoceras beds/ '' Subrobustus 
beds" and Muschelkalk, from all of which collections were made* 
These collections were examined by Dr. A. von Krafft (see 
''General Report," 1898-99, p. 1 1) and were found to include some 
new and interesting material. During the past season considerable 
additions — chiefly of new or rare forms — have been made to those 
collections, but attention was chiefly directed to the upper trias, 
from which collections were made while the whole sequence of beds 
was examined, so far as was possible in the time at our disposal. 
During the past few months these collections have been examined 
by Dr. Krafft^ and the following notes are based chiefly on the results 
of his investigations, of which a fuller account will be found in 
Dr. von Krafft's paper in this year's " General Report." Most of 
the upper triassic horizons known in the eastern sections of 
the Himalayas have been recognised in Spiti, where, however, the 
fossils contained in them are often small in number and badly pre- 
served : but some compensation for this is found in the existence in 
Spiti of other horizons rich in fossils, hitherto unrecorded from the 
Himalayas. 

The productus shales are overlain by about six feet of black 

limestone and shale-*the '* Otoceras beds " of 

^**^ ''tSs."*^^*'^ ^^^*' Otoceras is rare, the most characteristic 

genera being Ophiceras in the lower layers and 
Meekoceras in the upper. 

This bed is overlain by grey, thin-bedded earthy limestones, al- 
ternating with narrow bands of shale. These represent the " sub- 
robustus beds " (Diener) of the eastern sections. * This term, how- 
ever, is not applicable to the Spiti area. 

These are overlain by a thick bed (60 ft.— 90 ft.) of grey nodular 
limestone, in which fossils are very rare and, with the exception of 
one form [Nautilus ex. aff. N, palladii^ Mojs.), too badly preserved 
to be identified. 

The next series — muschelkalk — consists of grey concretionary 

limestone in beds about one foot thick, 

MMhilkalk. separated by thin bands of shale. The lowest 
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bed contains lower muschelkalk forms together with Ceratites 
subrobustus^ E. von Mojs. 

Separated from this by a thin parting of shale is another band of 
limestone containing numerous brachiopodS| the commonest being 
Spiriferinastracheyi^ Salt. This is overlain by the remainder of 
the muschelkalk with the usual fossils, vi>., Ptychites gerardi^ 
Blanf., Ptychites rugifer^ Oppel, etc. 

The muschelkalk is overlain by a series of calcareous shales 

with thin bands of limestone, containing several 
LadtnieStag^jmM w species of ammonites as well as large numbers 

of Daonella indica^ Ditt, and Z>. lommeli^ Wiss» 
The prevalence of this characteristic ladinic species is very in* 
terestingy and it would seem that that stage is amply represented in 
Spiti and includes a considerable thickness of beds hitherto sup* 
posed to be of carnic age. The hiatus said to exist in the eastern 
sections between the muschelkalk and the upper carnic is therefore 
probably only locaU 

These *' daonella shales" pass up gradually into a series of dark 
splintery and flaggy limestones with thin bands of shale. Daonella 
lommeli^ Wiss., has been found in the lower beds, but in the upper is 
apparently replaced by species of Halobia, 

This limestone is overlain by a thick series of light grey 
calcareous shales with dark limestone bands, containing, as a rule, 
few fossils. The lowest bed of this series is a dark grey shale full of 
black cherty concretions containing fossils, chiefly Trachyceras (cf» 
aonoides) and yoannites cymbiformis^ Waag. The overlying shales 
and limestones contain also species of Halobia and Mef^alodon^ and 
a band rich in brachiopods including Spirt fer sAalskalensis, Bitt., and 
Rhynchonella lankana^ Bitt. Towards the top, limestones are more 
numerous, the series gradually becoming one of limestone witb^ 
subordinate bands of shale. These beds, which contain Tropites 
cL Sui*bullatOf v. Hau., and Clydonautilus griesbachi^ E. v. Mojs.^ 
presumably represent the "Tropites limestone'' of Kalapani, but the 
fossils are few and badly preserved. 

Above this series is a great mass of hard dolomitic limestone, 
which has yielded only Megalodon and a few brachiopods and lamelm 
libranchs. It is overlain by sandy limestones, flaggy sandstones and 
dark micaceous shales. The limestones contain bivalves and am* 
monites, the latter including Paratibetites afl. tornguisti, E. v. Mojs.^ 

o 
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and 1 Hauerites sp« The sandstones are full of badly-preserved 
plant remains^ and the shales contain numerous concretions con- 
taining chiefly Juvavites sp., and Paratibetites tornquisli^ E. v* 
A(ojs.| a fauna resembling that of the " Halorites beds'' of the eastern 
sections. 

The next bed, which forms a very characteristic horizon in Spitt 
and Rupshu, consists of a hard grey or white dolomitic limestone 
full of corals, amongst which a very common form is one resembling 
Liihodendron. Other fossils are rare, but gastropods occur in 
Rupshu and brachiopods — including Spitiferina griesbachi^ Bitt., 
were found by Dr. KrafFt near Lilang. This limestone may be equi- 
valent to the " Spiriferina griesbachi beds *' of Niti. 

Above the main mass of the limestone are thin-bedded earthy 
limestones containing badly preserved fragments of ammonites. 

These beds are overlain by flaggy sandstones and shales, strongly 
resembling the series immediately underlying the coral limestone. 
Fossils occur near the top of this series, chiefly in two horizons, the 
loWer of which consists of a band composed entirely of remains of 
Monoiis salinaria. The higher horizon lies at the top of the shales^ 
and IS very rich in fossils, chiefly Spiriferina griesbachi^ Bitt.| 
which occurs in ei^ormous numbers. Immediately above this horizon 
are some bands of limestone containing a large bivalve fauna. 

The overlying beds form one of the most constant and charac- 
teristic horizons of the upper trias of Spiti, and consist of a series 
of white and brown quartzites, with subordinate limestone bands. 
The white quartzite bed can be seen at a distance of several miles 
running as a thin white band among the darker beds in the high cliffs 
of the upper trias. With the quartzites are intercalated limestones, 
amongst which is a characteristic bed containing numerous very 
large specimens of Megalodon sp. This bed is found everywhere, 
but is specially well marked in the Para valley, north of the Parang 
La, where a very fine Megalodon was obtained. Numerous sections 
of a bivalve nearly two feet in diameter occur in this bed, and pro- 
bably represent Dicerocardium, but no specimens could be obtained. 
This is the characteristic horizon in Stoliczka's " Para limestone.'' 

Above this quartzite series is a great mass of limestone over 

DachsMnkalk ^'^^° ^^^^ ^^\ck^ probably representing the up. 

permost trias, the rbaetic, and much of the 
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Jurassic (lias to probably middle Jurassic). Fossils are rare in the 
lower part of this limestone. 

yurassis.'^ About the middle of the series fossils become more 
numerous and resemble liassic types, among these being a Spiriferina 
cf. ohtusx^ Opp.y which occurs about 900 feet above the base of the 
series; about 1,000 feet higher up an ammonite almost identical with 
Stephanoceras coronatum of the Kelloway was found by Dr. von 
Krafit, and above this, brachiopods occur in very large number. 

Much of this limestone was included by Dr. Stoliczka in his 
''lower Tagling limestone,'' which he believed to be of liassic age; 
it is probablci however, that the uppermost beds are younger, probably 
middle Jurassic. The upper Tagiing limestone which was said to 
occur only on the Baralatse range, where he found it on the Tagiing 
and Parang passes, proves to be in reality a lower portion of his 
lower Tagiing limestone, which.has been brought by an inversion above 
the higher beds of the same series, its age being probably liassic. 
These beds are well seen on the saddle of the Parang La. 

A few fossils were collected from the Spiti shales, but they are 

not likely to add to our knowledge of the series, 
^*^* ** previous collections having been very large. 

Cretaceous j^^Tht Gieumal sandstone was examined in some 

detail by Dr. Krafit and many fossils, chiefly 
"""* * bivalves, collected. 

The overlying Chikkim limestone, which, in the neighbourhood 

of Chikkim, has yielded only Foraminiferae similar 
cmHm limfstant. ^^ ^j^^^^ previously collected by Stoliczka^ in the 

Lingti valley, contains also Belemnites. 

In spite of careful search no fossils were found 
Chikkim ihaUs. ;^ ^ij^ Chikkim shales. 



HUNDES AND RUPSHU. 

The route followed from Bashahr to Rupshu lay from Kurig, on 
the Para river, northwards over the hill-ranges to Parkyo, thence 
down again to the Paxa river near Kharak, where the river is with 
difficulty fordable, thence aloqg the high ranges on the left side of 
the river, by the small village of Akse, to Chagya Sumdo. The 
southern portion of the area traversed consists entirely of mesozoic 

02 
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rocks. Just north of Kurig the palaeozoic rocks are replaced by lowef 
trias beds, dipping to the north and north-east. These are followed 
by the upper trias^ and, at and near the village of Parkyo, by Jurassic 
beds^ with Spiti shales. North and north-west of Parkyo, along the 
right side of the Para river, the Spiti shales are found on the 
higher parts of the mountatnSi much of the great range between Spiti 
and Hundes being composed of younger mesozoic beds* Near 
Kharak, only upper trias beds occur, and these continue for many 
miles to the north, but are gradually replaced by older beds, till, at 
the boundary between Hundes and Rupshu, palaeozoic rocks predo- 
minate, the trias being found only in the higher parts of the ranges. 
To the north of Kharak, just beyond the village of Akse, the rocks 
begin to show sig^ns of metamorphism, which becomes more and more 
marked towards the north. The greater part of southern Rupshu 
is, as stated by Stoliczkay composed of metamorphic schists, which 
being as a rule completely devoid of any trace of fossils, had not 
hitherto been assigned to any definite geological period. The 
recent traverse through Hundes, and the examination of portions of 
Rupshu hitherto unvisited, has now rendered this possible, and they 
have been found to include both trias and palaeozoic beds. As a rule 
the whole of the carboniferous, permian and trias systems as far as 
the base of the upper triassic coral limestone, consist of a series of 
calcareous or siliceous schists, slates and quartzites. Above the 
coral limestone the upper trias and succeeding systems, whicK, how- 
ever, are found only in the higher ranges, have been comparatively 
little altered, and can be identified by their fossils. The coral lime- 
stone forms a most valuable horizon, and throughout Southern 
Rupshu consists of a conspicuous white dolomite, in which the 
characteristic corals occur in abundance. Below this limestone^ 
however, metamorphism has in almost all cases completely obli* 
terated all traces of fossils, but the main characters of the rocks have 
been sufficiently retained to render possible a correlation of the 
various systems. This correlation! based at first on lithological 
groundsi has been borne out by the subsequent discovery of fossils. 
The highest beds seen are the Jurassic limestones found on the 

Parang La, and neanTatang encamping ground in 
Jurassic, ^j^^ p^^^ valley : these are underlain by the usual 

limestones (Dachsteinkalk) followed to the north by the upper trias, 
Trias, with the characteristic coral limestone. Under 
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these are limestones (often calcareous schists) and slates, representing 
the remainder of thetrias; fossils {Daonella) have been found in 
these beds in the Pankpo lungba (lungbaastream)) where the Dao- 
nella limestones and shales have been identified. 

Below the trias in the Para river section, i.e,^ along the Spiti- 
Korzok road, hard slates (probably representing the productus shales) 
contain distorted fossils^ chiefly Producius sp., and Sptrifer musa^ 
kheylensisi below these slates are limestones and calcareous 
schists, part of which probably represent the calcareous (permian) 
sandstone, which occurs below the productus shales in Spiti ; in the 
Phirse river these limestones and shales are full of crinoid stems* 
They are underlain by the characteristic conglomerates, followed 
by a great series of slates, schists and quartzites, which is well seen 
along the road between Narbo Sumdo and Korzok. A little to 
the south of Korzok, the siliceous beds are underlain by calcareous 
schists and crystalline limestones, as already recorded by Mr. 
Oldham.^ Thence to a point about 2^ miles north of Korzok the road 
skirts the shore of the lake (Tso Moriri) along which the section 
is composed first of limestones and calc schists as at Korzok, under* 
Iain by limestones alternating with slates and quartzite, these in 
turn being underlain by more limestones. In this lowest series of 
limestones a bed was found containing remains of corals, strongly 
resembling a coral band which occurs near the middle of the upper 
Silurian limestones of Spiti and Bashahr. 

Below these limestones are slates or schists, gradually becoming 
garnetiferous, then felspathic, and passing gradually downwards 
through thin*bedded gneisses into the great system of gneiss and 
quartz-schist, which forms the precipitous ridge running from the 
head of Tso Moriri towards the north-west. 

There seems therefore little doubt that from the base of the trias 
down to this gneiss, the above sequence consists of the altered re- 
presentatives of the permian, carboniferous, and upper silurian sys- 
tems, as seen in Bashahr and lower Spiti, and it is possible that the 
underlying gneiss may represent the great quartzite series which 
occurs eleswhere below the upper silurian limestones and shales. 
Seen from a' distance, the gneiss, which forms bold cliffs of a hard, 
apparently well-bedded rock, bears a striking resemblance to the 

» Rcc, G. S. L, vol. XXI. 
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Silurian quartzite, but on closer examination it is found to consist of 
alternating beds of gneiss and partly schist. 

The gneiss, which is composed of quartz, orthoclase, muscovite 
and schorl, with very fine **augen*' structure, has a distinctly bedded 
appearance, the '^beds " which are about two feet thick being per- 
fectly even and continuous, while the intercalated bands of quartz 
schist intensify the sedimentary appearance of the system. Unfor- 
tunately the time available did not allow of anything more than a 
cursory examination, and the base of the series not being exposed, 
it is impossible to refer it at present to any known system. It is 
probable that a continuation of the survey towards the north-west 
would throw some light on the question, as in that direction the beds 
appear to be less metamorphosed than in the neighbourhood of Tso 
Moriri, where intrusions of &;ranite and of basic igneous rock are 
numerous. 

Igneous Rocks. 

From the great granite mass at the head of the Sutlej valley in 

Kanaur, an arm runs almost continuously through 
the mountains lying to the north of the Para river 
in Hundes, into^ and tbrough Hanle and southern Rupshu. The 
beds traversed are partly of triassic, chiefly of carboniferous age. 
In southern Rupshu the essential minerals of the granite are quartz, 
orthoclase, biotite and a little muscovite, and the tock exactly re- 
sembles the granite of the Chandra valley between Spiti and Kulu, 
where, however, garnet occurs as an accessory mineral, and bands 
of coarse pegmatite with muscovite are very common. 

Basic rocks are numerous in Rupshu, where they are fouad 

intruded into the trias and carboniferous beds, 
astc tn usum. ^^^ ^j^^ .^^^ ^j^^ rp^^ Moriri gneiss. They 

appear on a cursory examination to fall into two groups, a garnet- 
iferous and a non*garnetiferous. The former are found in the 
gneiss, while the latter — chiefly composed of basalts and dolerites— 
occur among the trias and carboniferous beds* Want of time un- 
fortunately precluded more than a very rapid examination of these 
rocks, and it is impossible to say whether the two groups have each 
a distinct origin ; but the fact that all the intrusive rocks found in 
the gneiss contained garnets, while no trace of garnets could be 
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found among the intrusives occurring in the trias and carboniferous 
hedsi make it seem possible that the difference may be due to the 
rock into which they have been intruded. But the evidence being 
merely negative no conclusion can safely be drawn. 



Economic Minerals. 

Gypsum. — In addition to the localities already recorded by Mallet, 
gypsum occurs in large quantities in the upper beds of the lime- 
stone series on the ridge between the Lipak and Yulang (Yalung) 
rivers in Bashahr, and in the upper Gyundi valley in Spiti. 

Gold. — At Chagya Sumdo on the Rupshu-Hundes border several 
pits have been sunk in the sub*recent deposits on the left bank of 
the Para river. Alluvial gold is said to have been obtained here in 
small quantities by the Tibetans, but the mines have not been worked 
for some fifteen or sixteen years. I washed a few pounds of material 
from the neighbouring stream but found no gold. 



Stratigraphical notes on the M^sozoic rocks of Spiti^ by Dr. A. von 

Krafft, Geological Survey of India. 



The following is a preliminary account of the triassic rocks 
of Spiti. It embodies the stratigraphical results obtained by 
Mr. Hayden and myself during the summer of 1899, as well as the 
results of an examination of our collections. The largest number 
of the lower trias cephalopoda^ recently collected in Spiti, has been 
described and worked out in full detail. The rest of the collections 
were examined ' as far as they appeared to be of stratigraphical 
importance. 
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The trias has been studied by me especially in the sections near 
Lilang on the Lingti river. 
Loner Mat. Sequence The lower-triassic Sequence seen about 

the Lingti river, is as follows : — 

(i) The Otoceras beds begin with a rusty brown, ferruginous 
layer of i to 5 inches in thickness, which has yielded only 
one badly preserved specimen, probably belonging to the 
genus 

Ophiceras, 

Then follows a sandy brown weathering limestone of i foot 7 
inches, without fossils, overlaid by 

(2) a limestone bed of i foot 5 inches, which most likely repre- 

sents the "Main layer of Otoceras woodwardi*' of the 
Shalshal cliff section (Pal. Indica, ser. XV, vol.11, pt. if p. 3). 
This bed is full of Ophiceras sakuntala, Dien., and other 
species of Ophiceras ; it further contains 
Meckoceras varaAa, Dien. 
I, cj. boreale, Dien, 
,^ nova sp. (two different species). 
Danubites radians^ Waag. van 
Pseudomonotis griesbachi^ Bitt. 

Oioceras has not been found in this bed at Lilang. It appears to 
be very rare in Spiti. 

(3) Then follows a series of thin, black, concretionary lime- 

stone beds, alternating with thin shaly layers, together 
3 feet thick. The prominent genus in these beds is Meeko^ 
ceras. The species represented are— 

Meekoceras varaAa, Dien, 
I, r/l Hodgsonii Dien. 

as well as seven new species, one of which is already present in bed 
2 (see above) • Of the six other new Meekoceras^ one represents 
the group of smooth forms classiBed by Prof. Waagen with his 
genus Gyroniies^ although it is not perfectly identical with any of the 
Salt Range species. Another new species is allied— although not 
very closely — to ^' Aspidites " discus^ Waag., from the middle ceratite 
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sandstone. A third is no doubt the direct ancestor of '' Aspidites '' 
superbuSj Waag., occurring in the upper division of the lower trias 
of the Himalayas (" Subrobustus beds/' Diener^} and in the upper 
region of the ceratite sandstones of the Salt Range. 

As to the rest of the new species of Meekoceras no affinities to 
described forms can be recognized. 

Besides these new species there must be mentioned a form very 
close allied to the Arctic ** Xenodiscus schmidiif E. v. Mojs. (Arktii* 
scheTriasfaunen, pLzi, fig. 11) and a form most probably identical 
with Afeekoceras pulchrum^ Waag., from the ceratite marls of the 
Salt Range. There have further to be recorded — 

Proptychites ammonotdes^ Waag. 

u sp. aff. laiifimbriato^ Waag. 

II Matkhami^ Dien. 
Clypites nova sp. 
Nautilus cf. drahmanicus, Griesb. 

(4) The beds with Meekoceras^ Proptychites^ etc., are overlaid by 

shalesi 10 inches in thicknesS| followed by grey, shaly lime- 
steneSi 7 incheS| with a few fossils, which in their preser- 
vation are exactly like those of the upper division of the 
lower trias. No determinable ammonites have been ob- 
tained, one fragment, however, probably belonging to 
Flemingites^ another apparently to Clipites. Higher up 
follow brown weathering limestones, with very thin ^aly 
partings without fossils. The whole thickness of the beds 
between the topmost Otoceras beds (3 above) and the 
limestones with Hedenstrcemia mojsisovicsi^ Dien., etc., 
(below), amounts to 4 feet 8 inches. Nothing definite can 
be said as to whether those few beds belong palaeonto- 
logically to the overlying series, as might be supposed 
from their lithological aspect. 

(5) The upper division of the lower trias is represented by a 

nodular limestone with very thin shaly partings, altogether 
5 feet 7 inches thick. At Lilang ammo nites are rather scarce 
and only the following few forms can be mentioned :-* 

Danuhites nivalis^ Dien. 
„ cf, ellipticus^ Dien. 

Hedenstrcemia mojsisovicsi^ Dien. 

^ For rtuoos to be given below, the term ** Subrobuitus beds *' is no longer appropriate. 
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Flemingiies ef. sp. ind. ex. aff. irilobato^ Dien. 
Pseudosageceras ^ nov. sp. 

(6) In the following group of beds^ of 30 feet thickness, which 

consists of grey shaly limestones and grey shales, alter- 
nating very regularly, fossils are extremely rare, and very 
badly preserved. The series must, however^ be included 
in the upper division of the lower trias. 

(7) The next series consists of a nodular limestone of 60 feet 

thickness^ again very poor in fossils. It most probably 
belongs, at least partly, to the lower muschelkalk. The 
nodular limestone is overlaid by black limestones, containing 
the lower muschelkalk cephalopod fauna, described by 
Prof. Diener from the Chitichun area. 

The Otoceras beds are in Spiti much thinner than in Pain* 
.^. o . khanda.* The thickness of unfossiliferous 
khanda {Shalshal cliff Dcds between both divisious of the lower trias 
"'* is very inconsiderable in Spiti, as limestones^ 

very rich in Meekoceras are present between the " main layer of 
Otoceras woodwardi** and the upper division of the lower trias. 
The lower trias is separated from the fossiliferous lower muschelkalk 
by a thick nodular limestone, probably of lower muschelkalk age, 
which is not recorded from other parts of the central Himalayas. 

Prof. Diener correlated the '' main layerof Otoceras woodwardi" 

ilii wUk s u ^*^^ ^^^ unfossiliferous shales and sandstones 
Range, at the base of the lower ceratite limestone 

of the Salt Range. At the same time he considers the unfossiliferous 
beds, present in the middle of the lower trias of Painkhanda, equi- 
valent to the lower ceratite limestone and the ceratite marls. 

The researches in Spiti have led to a different result. As stated 
above, there is only a very inconsiderable thickness of practically 
unfossiliferous beds between the two divisions of the lower trias. 
Therefore these cannot possibly be of very different age. More- 
over, palaeontological evidence tells against Prof. Diener's correla- 
tion» The question will only be discussed very shortly here, but I 
hope to be able before long to give a full piilaeontological account of 

^ The g«nuB Pseudosageceras. created by Prof. Diener, had so far only been known from 
Eastern Siberia (Memoirs du Comity Gtologique St. Petersburg, vol. XII, No» 3, 1895). 

< See Griesbach, Mem. XXIIlj pp. 144 to 147, Diener, Ddnkschriften d. k. Akademie der 
WissMscbalten, VieiwA, 18959 p. ^a, and Pal. Ind., L c.^ p. 3« 
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the faana of the lower trias of Spiti, and its relation to the lower 

trias of the Salt Range. 

For the present the following might be mentioned:"^ 

Several ammonites recently collected from the otoceras beds 

of Spiti are either identical with, or very closely allied to forms from 

the ceratite marls of the Salt Range, via. :— 

Proptyohites ammonoides, Waag. 

ff ^P» <^ff- latifim iriatiuSt Waag. 

Meekoceras cf. pule Arum, Waag. 

Here also Meekoceras varaha^ Dien., has to be mentioned, which 
proved to be of closer affinity to **kingiies " lenSf Waag., of the ceratite 
marls, than was hitherto admitted by Prof. Dien.^ 

The following three species are identical with, or very intimately 
related to forms described from the lower region of the cerdtite 
sandstone of the Salt Range, vie, :-« 

Danubites radians^ Waag* sp. 
„ rotula, Waag. sp. 

Meekoceras aff. radiosum^ Waag. 

The specimen mentioned above as Danubites radians^ Waagen, 
was recorded in last year's General Report as a new species, 
because it differs slightly from D. radians by having a somewhat 
flattened external part. A closer examination has, however, con- 
vinced me that it cannot specifically be separated from the Salt 
Range species. A probably older variety of this species, with very 
sharp marginal edges occurs at Lilang in a bed, which 1 believe to be 
equivalent to the main layer of ^^ Otoceras woodwardi** of the 
Shalshal cliff section. 

The palaeontological evidence recorded above leads to the 
conclusion that the Otoceras beds are equivalent to the ceratite 
marls, and the lower ceratite sandstones of the Salt Range. 

So far there is no decisive proof that the lower ceratite limestone 
is also represented in the Otoceras beds, although this is very 
probable for stratigraphical reasons. This is also indicated by 
certain faunistic affinities already recognized by Professor Diener 
(Pal.Ind., I.c.,p. 176). 

1 Pal. lod , Scr. XV, Vol. II, Pt. i, p. 144. 
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The upper division of the lower trias has been correlated by 
Professor Diener with the whole ceratite sandstones of the Salt 
Range.i From what has been said above, it appears much more 
probable that the upper division of the lower trias of the Himalayas 
corresponds only to the two higher divisions of the ceratite sand- 
stones, viz., the Stachella beds and the Flemingites flemingianus 
beds» This also agrees better with Professor Diener's own results. 
Of the eight species from the upper part of the lower trias, which 
he mentions as being either intimately connected or probably 
identical with Salt Range species, he refers five to forms occurring 
in the middle and upper stage of the ceratite sandstones. He 
compares one with a species of the passage beds between the 
ceratite sandstones and the upper ceratite limestone, another to 
a species of the upper ceratite limestone. Only a single species is 
referred to a form known from the lower ceratite sandstones.* 

The lower trias of the Salt Range and the Himalayas will 
therefore have to be correlated as follows :-« 

Salt Range. Himalayas, 

r Fl. flemingianus beds. ) ry 
Ceratite sandstones \ Stachella beds, > ^PP®^ ?*^8^ °^ 

I Lower stage of C. S. J ^^^'^ ^"^' 

Ceratite marls 1 r\^ . , 

Lower ceratite limestone f Otoceras beds. 

One of the most interesting results of the stratigraphical re- 

Umer MuscMkalk. searches in Spiti consists undoubtedly in the 

Fauna of the « Middle- discovery in several localities of the lower 

miss crae[* of HufuUs muschelkallc cephalopod fauna, which was des- 

discaveredtnSpttt. ^^ibed by Professor Diener chiefly from the 

eastern slope of the limestone crag Chitichun No. i north-west of 
Lochambelkichak encamping ground in Hundes.* 

This fauna was discovered by Mr. Middlemiss in a few blocks 
of red limestone, imbedded in Spiti shales, under conditions which 
did not allow of its stratigraphical position being ascertained. The 
fossils were chiefly derived from red crinoid limestone layers, 
intercalated in red, and red and whit6 coloured limestone. No 
stratigraphical evidence being available, the age of this fauna had to 
be decided by its fossils contents only. The result arrived at by 
Professor Diener was, that it must belong to the lower muschelkalk. 

1 Pal. Ind., Ser. XV, Vol. 11, Pt. i, I. c. p. 177. 

« PtI. Ind., Scr. XV, Vol 11, Pt. 1, I. c. pp. 175, 177 and Waagen, Fouils of tho ceratite 
formation. 

» Pal. Ind., Ser. XV, Vel "» Pt. a. pp. loi to 108, PI. XXIX to XXXI. 
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This fauna was found in Spiti at the base of the beds with 
Spiriferina stracheyi. Thus the view expressed by Professor Diener 
as to their age is proved to be correct. The limestone in which the 
fossils are imbedded is of a character different from that of the 
crags of ChitichuUi being blacky very hard and tough limestone. 

We have seen above that the lower trias ends at Lilang with 
a nodular limestone of 60 feet thickness^ which in all probability 
belongs partly to the lower muschelkalk. On top of this limestone 
follow :— 

1. Six thin layers of hard, grey, partly concretionary limestone, 

together of 3 feet 2 inches thickness, which yielded no fossils. 

2. This sequence is again overlaid by a band of hard, dark 

grey, very tough limestone, only 4 inch thick, which yielded 
a comparatively large number of ammonites. Commonest 
amongst them is a new species of — 

HungariteSf 

distinguished by very indistinct marginal edges. Another species, 
which is rather common^ though obtainable in fragments only, is 

Ceratites subrobusius^ Mojs. 

The specimens are perfectly identical with Professor Diener's 
type specimen as far as their sutures are concerned. They differ 
somewhat in sculpture, but the differences are not more considerable 
than between the specimen from Rimkin Paiar and the figures in 
Mojsisovics's *• Arktische Trias Fauna." 

The genus Monophyllites also plays an important rfile, and most 
of the species may be identified with species from Chitichun, or are 
closely related to forms described from Tibet. They are the follow 
ing : — 

Monophyllites confucii^ Dien, 
„ pitamaha >, 

„ aff. Kingi. „ 

ij ^P' g^oup of M, Suesst] Mojs, 
Another characteristic and common species of these beds is 
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Sibtrites praklada, Dien. 

described from the beds with Spiriferina straeheyt\ Salter (see 
below). Besides this, there occur — 

Gymnites ugra, Dien. 
Danubites kansa^ Dien. 

both known from Chitichun, and a new species of 

Prosphingiies. 

3« On top of this thin band with ammonites of lower muschel- 
kalk age, lies a thin limestone bed (3 inch) with a fragment of 
Spiriferina sp. and 

4* Immediately overlying the latter is a bed of 4 inches^ with^ 

Spiriferina straeheyil Salter. 
Spirigera (Athyris) stoliezkai^ Bitt. 
Terebratula {Dielasma) himalayana^ Bitt. 
Rhynchonella mutabilis, Stol. 

and other brachiopoda. 

5. Two grey, concretionary limestone beds, 3 inches each, with 
brachiopoda, which have not yet been specifically determined in detaili 
and 

6. Two beds of grey limestone, together of 16 inches, both 
containing 

Xenaspis, nov. sp. 
and a species of Ceratites^ very similar to Ceratites ravana, Dien. 

7* Immediately above this bed follows the well known Himalayan 
upper muschelkalk, with its rich fauna of cephalopoda. Shales are 
everywhere intercalated between the limestones, but decrease more 
and more in thickness towards the top. 

This same limestone is in situ at also several other localities, 
vis.y 2 miles below Tangachenmo encamping ground, Gyundi river 
and in the Thanam valley ; north-west of Lilang on the right bank of 
the Lingti river. At Muth a very good specimen of Ceratites subro- 
bustus was found in a shaly layer in the immediate vicinity of (pro- 
bably below) the beds with Spiriferina stracheyi. 

From the Gyundi river there have to be mentioned^* 

Danubites kansa^ Dien. 
Gymnites ugra^ Dien. 
and several new species of Gymnites and Ceratites. 
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The ammonites collected north-west of Lilang 

Ceratites subrobustus^ Mojs. 
Sibirites prahlada^ Dien. 
Monophyllites piiamaha^ Dien. 
II (^jf* hara.^ Dien. 

>, ,1 kingu, Dien. 

„ «(>». sp. group of Monoph. Suessi^ 

Mojs. 
,j Hungarites nov. sp. 

The small collection from the Thanam valUy has not been 
examined in detail, but the presence of Monophyllites was as- 
certained. 

Prof. Diener divided the lower trias into two stages. He 
Term *' Subrohtstui named the upper one " Subrobustus beds, " as 
priau. ^ ^ he obtained from its topmost bed * Ceratites 

subrobustus along with Flemingites rohilla? The term "subro- 
bustus beds " is, however, no longer appropriate, because Ceratites 
subrobustus occurs also higher up in the lower muschelkalk. 
This term had therefore best be discarded altogether as otherwise 
it might lead to misinterpretation. 

Sibirites prahlada^ Dien., nvas recorded by Professor Diener to 
'*HimM^€lsmriUB ^^^**^ '^^ *^ limestones with Spiriferina 
^^ii^Ji'" • kTL' hUd sl^^cheyi. Consequently these brachiopod- 
with s^ri/erina strack' beds were termed the "horizon of Sibirites 
#yi, Saiigr. prahlada.^ This is not in accordance with my 

own observations, as I found Sibirites prahlada in beds underlying, 
but never in the limestone with Spiri/erina stracheyi {see above). 
Professor Diener recently informed me by letter, that he had not 
collected Spiriferina stracheyi along with Sibirttes prahlada. 
In the Shalshall cliff section, where he found Sibirites prahlada^ 
no brachiopoda were found with it, while the brachiopoda mentioned 
by him were derived from a second locality further down the valley. 

Thus there is no proof that Sibirites prahlada and Spiriferina 
stracheyi occur together, and we have to distinguish between 
cephalopod beds with ammonites of lower muschelkalk age and the 

1 PaJ. Ind., Ser. XV« vol. II, pt. i, p. 83. 
* Communicated by letter. 

> Pal. Ind., Ser. XV« Vol. II, pt I, pp. 3Snd 5» Denkscbriften d. k. Akad. d. 
WiflKaschaften, Vtenna, 1895, p. 571. 
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brachiopod beds with Spiriferina stracheyi^ in which so far no 
ammonites have been discovered. 

Above the muschelkalk follows a group of limestones^ which can 
be subdivided into :— 

4. Hard, black, splintery limestonei somewhat bituminousi 
with calcite veins, weathering greyish brown, intercalated 
viith shaly limestones in layers of one to three feet.— 
Halohia cf. comaia^ Bitt. 
„ cf.Jaseigera „ 

Representing part of the " Horizon of Halobia feet« 
comatUi* Bitt. in 

3. Black limestones as 4, intercalated with shales. 

Very large Arcestes sp. • • • • 25 
2. Hard, black limestone as 4. 

DaoneVa cf* commeli, Waag. • • • 143 

I. Series of thin-bedded, black, shaly limestones 
I and earthy shales, with some hard, black, 

brown weathering limestone beds • • 160 

Towards the base rich in Cephalopoda (see below). 
Daonella indica^ Bitt. 

commeli^ Waag. 



bo 
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Horizon of Daonella indica^ Bitt. 

The most important of these four stages is the lowest one* 
This will have to be dealt with in detail since our researches have 
led to an entirely different result as to the age of this stage. 

Professor Diener observed a crinoid limestone (Traumatocrinus 
limestone) in the Shalshal cliff section above the upper muschelkalk, 
from which he collected a number of ammonites which Mojsisovics 
declares to belong to his '^ Aonoides zone.'' Thence these observers 
assume that the upper muschelkalk is directly overlaid by deposits 
of upper carnic age, and also they believe that the ladinic and lower 
carnic stages are absent. It is very important to emphasize that this 
assumption of a break in this section is by no means supported by the 
geological evidence. Professor Diener himself, when examining the 
Traumatocrinus limestonCi took it to be a division of the muschelkalk 
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^ as it appeared to be perfectly conformable upon the Ptychites beds 
and to be stratigraphically intimately connected with them." ^ 

In Spiti we have observed nothing which could be interpreted as 

a break in the sequence of triassic beds* 

No break in ike succes- Moreover the examination of the fossils collected 

s^y ^'""^^ ^'^ '" fro«a Ae muschelkalk and its overlying beds, 

Representation of jj^s proved with certainty that such a brealc 

laatme deposits fully ^ ' . , „ « 

ascertained* cannot possibly exist. The material collected 

in various localities has been worked out suffi« 
ciently in detail to decide this question. 

There are altogether four points which prove that ladinic 
deposits do exist in Spiti. 

a. Four species of ammonites and one of Spirigera are common 
to both the upper muschelkalk and the beds with Daonella indictt^ 

Proarqestes bicinctus^ E« v. Mojs. 
Ptychites gerardi^ Blanf. 
Hungarites nitiensis^ £. v. Mojs. 

I, nov. sp. 

Spirt/era hunica^ Bitt. 

Proarcestes bicinctus has been described from the upper 
muschelkalk of Spiti. Last year it was collected by us at Raga ia 
Spiti, from a limestone bed with Monophyllites sp. ind. group of M. 
sphoerophyllu^f Ptychites gerardi and Ptychites asura, Dien. The 
same species was also obtained at Ranna in the Thanam valley^ 
and in another locality in the Thanam valley by Mr. Hayden, and 
south-east of Muth by us both. In all these last mentioned localities 
it was found to be abundant in the topmost bed of 4:he upper 
muschelkalk, being associated with Sturia Sansovinii^ Mojs.^ 
Proarcestes balfourt^ Opp.| Ptychites gerardi^ Blanf., and other 
characteristic species of the upper muschelkalk. 

But Proarcestes bicinctus is also quite as common in the beds 
with Daonella indica, Bitt. I have collected numerous specimens, 
from the beds north of Po, 

Ptychites Gerardi, Blanf., has long been known as a typical fossil 
of the Himalayan muschelkalk. However, this species is not con- 
fined to the muschelkalk, but, like Proarcestes bicinctus^ reaches up 

' Dcnkschriften d«r k. Akademie der Wisiciucbafteo, Vienoa, 1895, p. 547. Pal. Ind.*. 
Ser. XV, Vol. III« Pt t, pp. 139, is8, and 135. 

P 
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into the beds with Daonella indica. E. v. Mojsisovics in his recent 
Memoir on the cephalopoda of the upper trias of the Himalayas (Pal* 
Indica, Ser. XV, Vol. Ill, Ft. i, p. 117, PI. XIX, figs. 8 and 9) described 
from the black limestone, facing the Ralphu glacier, regarded as equi- 
valent to the Traumatocrinus limestone of Rimkin Paiar, a species 
which he names Piychites posthumus. This species in my opinion is 
identical with the well-known muschelkalk s^ci^sPtyckites gerardi^ 
Blanf. This is clear from the shape of the shell and from the suture 
lines. The latter show the same semicircular arrangement as in 
Ptychites Gerardi^ and aFso a bipartite second lateral, and first 
auxiliary saddle. It must be remarked that the figure of the sutural 
line of Ptychites posthumus in E. v. Mojsisovics*s Memoir is not 
quite correct, as the median incision of the second lateral saddle 
is not represented deep enough, while the branches of the first 
auxiliary saddle are drawn too slender. In reality these two 
saddles are of almost equal size in the type-specimen, which I 
have re-examined. I collected two small specimens of Ptychites 
identical with Ptychites posthumus s=s Ptychites Gerardi, Bianf., 
from the beds with Daonella indica north of Po. 

Hungarites nitiensis, Mojs., had so far only been known 
from the crinoid limestone of Rimkin Paiar, and from beds of 
unknown age of the Niti pass. This species was found by Mr. 
Hayden in the Thanam valley, in beds immediately overlying the 
muschelkalk. But we also collected it from the muschelkalk of 
Kaga. The identity of the species could be fully established, thanks 
to the fortunate fact that I was able to compare it with the type- 
specimen from Rimkin Paiar. The Hungarites nov. spec, mentioned 
above, is a very characteristic species, having transverse folds of a 
most distinct falciform bend as in Harpoceras^ but it bears no 
resemblance to any of the Alpine species. It occurs in the 
muschelkalk of Kaga, in the topmost bed of the muschelkalk at 
Banna encamping ground, Thanam valley, and in the ladinic beds 
immediately overlying the topmost muschelkalk in another locality 
in the Thanam valley (collected by Mr. Hayden). 

Spirigera hunica^ Bitt., was described from the beds with 
Daonella indica from the Shal-Shal section and other localities. 
It has also been found in Spiti (north of Po, west of Lilang) in these 
beds, but the same species occurs in the topmost beds of the 
muschelkalk at Banna encamping ground and south-east of Muth« 
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Besides these five species, ranging from the muschelkalk into the 
beds with Daonella indica^ Arpadiies stracheyi% Mojs.^ has to be 
dealt with. 

This form is described and figured on page 58, of E. v. Mojs* 
isovics's recent publication, from a plaster cast of the original speci- 
men collected by General Sir Richard Strachej on the Niti pass. It 
had formerly been figured by Salter and Blanford in the Palaeontology 
of Niti, pi. 8, fig. 3. E. V. Mojsisovics attributed this species to the 
ladinic stage, assuming that it was derived from beds homotarial to 
the Traumatocrinus limestone of Rimkin Paiar. On the topmost 
bed of the muschelkalk at Banna encamping ground Mr. Hayden 
collected several specimens of an Arpadites^ which in my opinion 
are identical with Arpadites siracheyi, Mojs. They most strikingly 
recall the species from the Niti pass in general shape, especially 
by their obliquely elliptical outline. The external part agrees 
perfectly with the description given by Dr. v. Mojsisovics, as the mar- 
ginal edges are not yet visible at the beginning of the last volution, 
and become more and more distinct towards the anterior termination. 
Small, slightly curved, transverse folds are visible on the anterior half 
of the last whorl. The sutures on the whole correspond to the illus- 
tration in the Palaeontology of Niti, pi. 8, fig. 3 d. There is a very low 
siphonal tubercle (though slightly higher than in the figure), each 
branch of the siphonal lobe terminating in one point. The lateral 
lobes do not correspond to the figure in the minor details, their 
dentation being deeper and not quite as numerous. The saddles are 
more slender than in Salter's figure. 15ut the number of lobes and 
saddles agrees with the figure, and as for the differences mentioned, 
they might well be due to incorrect drawing. The sides of the 
chambered part of the Spiti specimens are covered with short, rather 
strong, radial folds, which only become weaker and falciform 
towards the anterior termination. Such folds are not visible in the 
figure of the plaster cast in Mojsisovics's Memoir, but they are 
indicated in Salter's figure pi. 8, fig. 3a. Owing to the insufficient 
knowledge of the specific characters of Arpadiies stracheyi, the 
identity of the Spiti specimens with those from the Niti pass cannot 
be fully ascertained, but it is at least highly probable that this 
species also occurs in the uppermost beds of the muschelkalk. 

b. Besides the forms, which are identical with upper muschelkalk 
species, one new specieSf which is closely allied to a muschelkalk 

p 3 
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species, must be mentioned from the beds with Daonella indica, viz^r 
Ceratites nov. sf. aff. Cer. Himalayanus^ Blanf.— It is only distin- 
guished by more complicated sutures and a wider umbilicus, as the 
involution takes place outside the spiral row of lateral tubercles 
(north of Po and Thanam valley). 

c. Four species recently collected from the beds with Daonella 
indtca are either identical with, or closely allied to European 
forms from deposits of ladinic age, namely : — 

Gymnites ecki^ E. v. Mojs. 
Hungarites aff. mo/sisovicsi, Boeckh« 
Trachyceras archelaus^ Laube. 
Traehyceras aff. ladinum, E. v, Mojs. 

Daonella Lommeli, Wics., collected years ago by Mr. Griesbach 
south-east of Muth, must be added to these forms. The occurrence 
of this species has already been pointed out by Dr. A. Bittner as an 
indication that ladinic deposits might be present in the trias of 
Spiti.^ As to Gymnites ecii, E. v. Mojs., although the sutures could 
not be compared in detail with those of European specimens, the 
specific identity may be said to be indisputable; north of Po. 

Hungarites aff. mojsisovicsi^ Boeckh, is very similar to the 
European form, but here again the sutures cannot be compared in 
detail. The only specimen obtained north of Po is smaller than 
the two specimens figured in E. v. Mojsisovics's ^'Cephalopoden der 
Mediterranen Triasprovinz."^ It has a diameter of 46 mm. and is 
distinguished from the Hungarian forms by a less prominent median 
keel and a slightly more pronounced falciform bend of the transverse 
folds. 

The forms mentioned as Trachyceras ladinum^ E. v. Mojs., can- 
not be distinguished from the Alpine species, corresponding as they 
do completely in the arrangement and number of the spiral rows of 
tubercles. The marginal thorns are perhaps somewhat more pro- 
nounced, but the difference is too slight to be of any importance. 
Found north of Po. 

Trachyceras aff. archelaus^ Laube, is very closely allied to the 
European species, to which it corresponds in its general shape 
and in the number of spiral rows of tubercles. 1 hanam valley, 

* Jahrbuch dcr Gcol. RnchiaQil.i VieoDa^ iSgg^ p. 695. 
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Colin. Hayden ; North of Po. 

Daonella lommelt\ Wiss., had, as above mentioned, already 
been known from Spiti. We found Daonella lommeli even more 
common than Daonella indica and obtained a considerable number 
of specimens from various localities. 

d. Besides the pateontological evidence recorded abovei the 
following fact tells against the assumption of a break in the succes- 
sion of beds. In several sections in Spiti we collected the true 
Joannites cymbiformis^ Wulf., along with a species closely 
related to Trachyceras aonoides in beds, situated from 400 to 
450 feet above the upper muschelkalk (see below). 

This will suffice to show that, so far as Spit! is concerned, there 
is no doubt that the ladinic stage is well developed. Dr. Bittner 
was therefore perfectly right in this point, although his surmise 
that the ladinic stage might be represented in Spiti was founded only 
on the occurrence of Daonella lommelt\ In Spiti the passage from 
the muschelkalk into the ladinic is palaeontologically such a gradual 
one, that, were it not for a lithological change, it would be difficult 
to define the horizons. 

We have now to consider whether the arguments brought for- 
ward in favour of a break in the Shal-Shal cliff section hold good. 

, ,^ ^ The Traumatocrinus limestone of Rimkin 

Afi:0 of the Trauma- r^ . • , 11, 

tccrinug limestotu of Paiar has been looked upon as upper ladinic, 

principally because the following two species 
of ammonites occur in it; 

Trachyceras tibeticum^ E. v. Mojs. 
" Joannites aff. cymbi/ormis, Wulf.*' 

The accuracy of the determination of the latter species is 
extremely doubtful. Of the two specimens, which chiefly served for 
description, the smaller one (pi. XX, fig. 3, E. v. Mojsisovics, 
PaU Ind., Ser. XV, vol. Ill, pt. i) has only six saddles 
outside the umbilical margin, while Joannites cymbi/ormis 
has eight. The second and the larger specimen, the sutures 
of which have been figured on pi. XX, fig. 4, I. c, is disting- 
uished from Joannites cymbiformis^ Wulf., by the entire absence of 
varices. This fact was noticed, but apparently deemed unimportant 
by E. v. Mojsisovics (page loi 1. c). Species similar to Joannites 
cymbi/ormis occur already in the muschelkalk. At Kaga two small 
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specimens were collected by Mr. Hayden in iSgS, and mentioned 
in last year's Annual Report, page i6, as Joannites aff. diffissus^ 
Hauer. But Prof. Dicner, to whom they had been sent for examin- 
ation, determined them as probably yoannites cymbiformis, Wulf. 
It is therefore quite natural that similar forms should also be present 
in the ladinic beds. However, it must be borne in mind that none of 
the muschelkalk and ladinic types are actually identical with the true 
yoannites cymhiformis^ which species, as already mentioned, occurs 
from 400 to 450 feet above the muschelkalk. 

Trachyceras tibeticum^ E, v. Mojs., which has not been found 
yet in Spiti, is no doubt closely allied to the carnic Trachyceras 
ausiriacum, as has been stated by E. v. Mojsisovics. It differs in 
having simpler sutures and in the characters of the external part. 
Dr. V. Mojsisovics himself considers Track, tibeticum a new species, 
or if not, a variety of the Alpine Track, austriacum. This being 
the case, I do not see why its occurrence in the Traumatocrinus 
limestone should not be explained more naturally by assuming that 
an older variety of the carnic Trachyceras austriacum of Europe 
appears in the Himalayas already in ladinic deposits. 

Certainly, the evidence brought forward in favour of the correla^^ 
tion of the Traumatocrinus limestone with the upper carnic of the 
Alps is not a convincing one^ and there is so far, not sufficient reason 
for supposing that in Painkhanda the ladinic stage, so well devel- 
oped in Spiti| should be wanting. 

As to the remainder of the argument, subdivided above into four 
different parts, the following may be noted. 

The hard, black, splintery limestones No. a yielded among other 

THckness of ladinic fossils a fragment of Daonella cf. lommelt] Wiss., 

stagf, derived from the base of the upper third of this 

limestone mass. I therefore include the black limestone No. 2 with 

the ladinic. This stage thus has a thickness of approximately 300 

feet 

At Kuling we discovered a great many specimens of Daonella 
hmmeli in shaly beds alternating with dark, splintery limestones. 
Among these there are unusually large specimenSy measuring about 
100 mm. from the umbo to the opposite margin of the shell. As the 
beds, from which we collected, were vertical, their stratigraphicai 
position could not be ascertained. My opinion is that they belong 
either to No. i or No. 2 of the above sub*division« There is certainly 
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no reason to suppose these beds equivalent to No. 3 or No. 4^ as in 
spite of careful search in undisturbed beds opposite Lilang I have 
never met with a Daonella lommeli higher up than in the upper third 
of series No. 2. 

On the other hand series 4 yielded two specimens of Halohia^ 

HortMon of HaUhia which should in all probability be referred to 

comatm. Bitt Halobia fascigera, Bitt, and Halobia comata, 

Bitt. 
No. 4 therefore corresponds to part of the "horizon kA Halobia 
r^;»a/tf/''Bittner, which according to this author represents or at least 
includes the equivalents of the Alpine Lunz-Raibler beds.^ 

Above the series of black limestones, recorded above, thick 
grey, earthy shales, in which grey, shaly limestones of various thick- 
nesses are intercalated throughout Spiti. The series is of so 
uniform a character, that it can hardly be subdivided, unless in a very 
detailed fashion. However the following three divisions may be 
distinguished — 

3, Grey, shaly limestones, alternating with calcareous, earthy 

shales. 
3. Thin-bedded, shaly grey limestones about 20 feet. 
I. Grey earthy shales, with numerous thin shaly limestone beds* 
The thickness of this series amounts to at least 500 feet, the 
thin-bedded limestone 2 keeping about the middle of the system. 

As to fossil contents two fossiliferous horizons may be mentioned. 
The lower one situated at the very base of the series, lying imme- 
diately on the topmost hard splintery limestones referred to above. 
The upper fossiliferous horizon occurs in part 3 of this series and 
consists of limestpnes, rich in brachipoda^ situated about 40 feet 
above the thin-bedded limestone No. 2. The lower fossil horizon is 
of considerable importance. Mr. Hayden first recognised that the 
grey, shaly beds at the base of this series contained specimens of 
Trachyceras^ closely allied to Trachyceras aonoides, E. v. Mojs. His 
ShoUs vith Joannites Collections from these beds 4 miles west of Thabo 
cymhiformts, Wulf. \j^ gggg comprise the following species.^ 

Joannites cymbiformis^ Wulf. (3) 
Hauerites nov, sp. (i) 

> Pal Ind , Ser. XV, Vol. Ill, Part 3, p. 47 (in the press). 
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Trachyceras cf. aonoides^ E. v. Mojs. (i) 

}, nov. sp. aff, ariae^ E. v. Mojs. (i) 

ji sp. ind. (several fragments). 

The only fossil of these collections, which could be identified with 
certainty, is Joannites cymhiformis^ Wulf. As to Trachyceras cf. 
aonoides, it cannot be said to be perfectly identical with the 
European types, but so much is certain, that it resembles none of the 
European forms of Trachyceras as closely as it does Trachyceras 
aonoides* 

As to last year's collections from the shales with Joannites 
cymbiformiSf the following discoveries were made :— 

!• Several fragments of a small Trachyceras which in sculpture 
and transverse section strongly recall such forms as 
Trachyceras ariae^ E, v. Mojs. (" Gebirgeum Hallstadt,*' 
pi. Cllcxvi, fig. 3) or Trachyceras griseldis (1. c. pi. 
Clxxviii, fig. I), collected at Banna encamping ground, 
Thanam valley, by Mr. Hayden. 

2. Crushed specimens of Track) ceraSt closely resembling in 

sculpture Trachyceras aonoides (north-north-west of 
Muth, Spitii coll. Kraift, right bank of Lipak river, 
above Lipak encamping ground, coll. Hayden;. • 

3. Joannites cymbiformis, Wulf (i spec.) same locality. The 

specimen is entirely chambered and measures 80 mm. in 
diameter, the last volution being 43 mm. high. There 
are three varices on the last volution. Number of saddles 
outside the umbilical margin eight, corresponding to 
those of Joannites cymhiformis. This species 
was collected by Mr. Harden above Lipak E. G.; 
fragments of Joannites cf. cymbiformis were obtained 
by him at Banna encamping ground ; west of Lilang, 
and between Pomcrang and Mani. 

4. Drepanites nov. sp. ind. 4 miles west of Thabo ; coll. Krafft. 

5. Hauerites nov. sp. (fragment) Banna encamping ground ; 

colln. Hayden, resembling the Noric Hauerites 
raristriatus^ E. v. Mojs., but differing in its sutural 
Ifnes. This species was collected by Mr. Hayden 4 
miles west of Thabo. 
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The second fossil iferous horizon of the system of grey beds was 
, , , discovered north-north- west of Lilang. With 

Bra^hiovod beds. . . - ., j 

the exception of one ammonite and some 
bivalves it yielded chiefly Brachiopoda. Of these only 

Spiriferina shalshalensts, Bitt. 
Rhynchonella lankana^ Bitt., and Discina sp. 

could be identified with species described from the trias of the 

Himalayas.^ The bulk of the collections made, which comprise 

numerous well preserved specimens, belongs to species not recorded 

yet from the Himalayas. They have not yet been worked out in 
detail. 

The only ammonite collected from this horizon is a small speci- 
men very similar in its general shape, sculpture and the character of 
the external part, to the noric Disiichiies goebli^ E. v. Mojs. (Gebirge 
um Hallstadt, pi. CXLIX), but distinguised by ceratitic sutures. 
The number of saddles and lobes is the same. 



Above the series of shaly beds just referred to is a sequence of 
beds which still keeps up to a considerable extent the litholc^ical 
character of the underlying beds, but is richer in intercalated lime- 
stone layers. This series may be said to consist chiefly of three kinds 
of strata, vib, (i) black, splintery, thin-bedded limestones, mostly 
concretionary and with brown dolomitic patches, (2) light grey, 
shaly limestones, (3) grey crumbling shales. These three kinds of 
deposits alternate very regularly and acquire a thickness of Itdra 600 
to 700 feet This series is not very rich in fossils, and those 
that are present are either badly crushed or otherwise insufiiciently 
preserved. About the middle of the series occur large bivalves 
and very small Brachiopoda^ which have not yet been worked out. 
Higher up, about 400 to 500 feet above the base of the series, a 
brown weathering, nodular limestone alternating with grey, crumb- 
ling shales, was observed, which has yielded cephalopoda of the 

genus Tropites and other genera. Unfortunately 
Tropites,Hc. ^^" preserved specimens are extremely rare. 

The collections recorded below were derived 
from the sections round Lilang and comprise the following species, 

> Bittoer, Pftl. Indica 1. c. 
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Tropites cf. subbuliaius, v. Hauer 

(badly preserved specimens) 

Tropites cf. discobullatus, E. v. Mojs. 
The specimens are extremely like those on pi. CIV in E, v. 
Mojsisovics's Gebirge um Hallstadt. The sculpture on the external 
part of the last volution is identical with tig. i c, pi. CIV. 
The sutures- differ slightly. Whether this form is identical with the 
Tropites ind. cf, dtscobullatus^ described by Mojsisovics from 
Kalapani ^ is uncertain, the latter being too badly preserved for close 
comparison. 

Tropites [Paratropites) nov. sp, 
,, cf. fusobullatuSj E. v. Mojs. 
,1 cf. torfuii/uSf E. V. Mojs. 

very closely allied to the European species. 
Many indeterminable fragments of Tropites. 
yuvavites aff. bacchus^ E, v. Mojs. 

„ sp. ind. cf. y, baccbus, E. v. Mojs. 
Sagenites sp. aff. crinaceus, E. v. Mojs. 
„ n. ^P'^^ff- herbichi^ E. v. Mojs. 
Sandlingites n. sp. ind. 
Sirenites n. sp. ind. 

^ Heraclites sp. ind. ; two different species, resembling 
Heraclites, especially Heraclites bellonii^ E. v. Mojs., in 
general shape and sculpture, but differing from Heraclites 
by ceratitic sutures. 
Clydonautilus griesbiichti E. v. Mojs. 
Nautilus sp., three different species. 

There can be very little doubt that this limestone with Tropites 
corresponds to the Tropites limestone of Kalapani, which E. v. 
Mojsisovics considers to be homo-taxial to the subbullatus beds of 
Hallstadt. As the stratigraphical position of the Tropites lime- 
stone of Kalapani is not known exactly, it is of considerable import- 
ance that the position of the Tropites beds has been fully 
established nevertheless. 

About 70 feet above the nodular limestone with Tropites, a few 
large specimens of Parajuvavites nov. sp. were collected from grey 
shslly limestones. These beds will have to be included in the 

. ^ Pal. Ind. I, c, p. 48^ pi. XI, fig 7. 
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Tropites beds^ as the same new species of Parajuvavites probably 
occurs in the latter ^ also. 

Clydonautilus griesdacii'^is, according to E. v. Mojsisovics the 

leading fossil of the " Hauerites beds ". In 

grusbachi untenable.** Spiti these have been traced about 500 feet 

above the Tropites limestone (see below). I have 
never met with Clydonautilus griesbachi in any other horizon but the 
Tropites limestone, where I collected a good specimen west of Lilang. 
It appears that this species ranges through a considerable thickness 
of beds. The zone of Clydonautilus griesbachi* introduced by 
E. V. Mojsisovics to replace Diener's term Hauerites beds^ is very 
prob.ibly untenable. 

The uppermost beds of the series referred toabove, gradually pass 
into a mass, chiefly of dolomitic limestone. At its base this consists 
of black, concretionary, hard limestone beds such as are found in the 
underlying beds. But it becomes greyer in colour and more and 
more dolomitic higher up, where it is very thickly bedded. The 
whole thickness of this limestone mass amounts to about '^oo feet. 

A few bivalves and brachiopods were collected from this lime- 
stone. These were sent for determination to Dr. Bittner, as they 
appeared to be allied to characteristic alpine forms. As no answer 
Has so far arrived frcm Lim, I am unfortunately unable to give any 
particulars about these fossils. 

According to Prof. Diener the Daonella beds, vis.^ the whole 
thickness of deposits included between the upper muschelkalk and 
the Hauerites beds amounts in Painkhanada and Johar to 600 to 

750 ft.* The beds which in Spiti correspond to Prof. Diener's 
Daonella beds are much thicker, amounting to nearly 2,000 feet, 
or roughly three times the thickness of the latter. 

The thick, dolomitic limestone mass just referred to, is over- 
laid by a system, chiefly composed of brown weathering sandy 
and sbaly limestones. In this series, which amounts to about 500 
feet, grey crumbling shales, alternating with brown limestones also 
occur in the upper half. Black, splintery limestones are met with 
near the base. About the middle of the series occur brown flaggy 

^ Foood loose in the Tropites beds,nnder conditioos which make it very improbable that 
|t should have rolled down from higher beds. 

• Pal. Ind., Ser. XV, Vol. Ill, pt. I, p. 136. 

* Denkschrlften 1. c, p. 582. 
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sandstones, showing beautiful false-bedding and with indistinct plant 
remains. 

Amongst the fossil contents the following may be mentioned. I 

collected a specimen of Hauerites near the base 
^n^Tfld^^B.^^'uS^ of ^^^ series, at Chabrang, in brown weathering 

sandy limestones. This appears to be identical 
with the ? Hauerites n,f, ind, the sutures of which have been figured 
in E. V. Mojsisovics's recent Memoir. Along with this species occurs 
a very large Paratibetites^ closely allied to Paratibetites tornquisti^ 
E. V. Mojs. It differs only slightly in the suture lines. Besides this, 
several specimens of Hauerites^ differing in sutures from that men- 
tioned above, brachiopoda and bivalves, viz.^ Mysidioptera sp., 
Avicula sp., Modiola sp., Anodontophora griesbachi^ Bitt., a species 
of considerable vertical distribution. (See below and Bittner Pal. 
Ind. I.C., p. 6 1.) 

Above the fossiliferous strata just described, beds with 
o J 'jx ^ 'J. numerous cephalapoda occur in the upper half 

Beds wtih Juvavties, i. • n .1. i.- • j 

^ic, equivalent to the ^f the system m all the sections examined. 
HalorUes beds, Dien. ; These from their stratigraphical position, and 
faunis ic xfference, ^^^ ^^ ^ certain extent owing to their palxon- 

tological character, must be looked upon as the equivalents of the 
Halorites beds, Dien. 

By far the most prominent genus of these beds is yuvavites. 
Specimens of this genus are fairly common throughout Spiti 
although nowhere abundant. Among the forms collected there are a 
few specimens belonging to the group of the 'continui' E. v. 
Mojsisovics and allied to Juvavites ehrlichia E. v. Mojs.^ Other 
specimens, also few in number, belong to the group of the " inter- 
mittentes" and '' scissi,'' E. v. Mojsisovics.. But by far the greatest 
number is characterized by ribs crossing the external part with little, 
if any interruption ; they are at the same time very strongly bent 
forward, a feature which distinguishes these specimens from all the 
species known from the Hallstadt limestone. Apart from this they 
exhibit the characters of the "continui.'' 

^ The species is not ideotical with Griesbach*s TrepUes Shrliehi var, feisimatUeli oov. 
sp. Mem. XXII l» p. 143, desaibed by E. ▼. Mojsisovics, I. c, p. 34, pi. VI., 6gt. 1, a, 3 as 
Parajuvaviies feistmanieli. 
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Besides forms belonging to the genus Juvavites, the following 
species have to be mentioned : 

Paratibetites iornfuisti, E. v. Mojs. 
• Tibetites cf. ryalli^ E. v. Mojs. 

Anatibetites nov. ?sp, aff. kelvini- 

a very interesting species being distinguished from Anatibetites 
kelvini by incised saddles, while otherwise identical with it. 

Clionites aff. hughesi, E. v. Mojs. 
Dittmarttes nov. sp. 

differing from Diltmarites hindet] E. v. Mojs , by broader whorls 
and wider umabilicus, 

Pinaeoceras sp, 

Phylloceras sp. ind. 

Pleuronautilus sp, aff tibeticus, E. v. Mojs. 

It is a very strange fact that not one of these species can be 
said to be perfectly indentical with forms described from the Bam- 
banag section. The only species very closely allied to a described 
form is Paratibetites tornguisti, E. v. Mojs* 

It is also strange that not a single specimen of Halorites so com- 
mon in the " Halorites beds '' of the Bambanag 

ISo Halorites discovered ^,| jf j^^^ ^^^^ ^^^ ^;^^ ; ^^ g j^j ^^^^Yi^^ jg the 

III SptU, r> • - • 1 • 

genus Paraj uvavttes prtsent in our collectionsi 
from the beds I am referring to^ although a few specimens have 
been found lower down in beds which I included in the tropites beds 
(see above). 

But for all that there can be little doubt that the beds with 
Juvavites must belong to pretty much the same horizon as the 
" Halorites beds," Diener. For they are overlaid by a coral lime- 
stone, with Spiriferina griesbachi^ Bitt., which may safely be corre- 
lated with the " limestone with Spiriferina griesbaehi** of the eastern 
Himalayas. 

It appears from the above, that there is a remarkable faunistic 
difference between the " Halorites beds " of the more eastern Hima- 
layas, and their equivalents in Spiti, for which so far no explanation 
can be given. The facies of these beds in Spiti is rather unfavourable 
for the preservation of fossils. This no doubt accounts for the 
comparative scarcity of the fauna. 
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As mentioned beforei the beds v^ith fuvavites, etc., are overlaid 
Local HmMttone with ^y a grey limestone mass of about I oo feet in 
Spiriferina grieshachi. thickness. This is a true org^anigenic limestone, 
being composed almost entirely of fossil remains, among which 
corals and Bryouoa (?) are predominant. Besides this there are 
a few brachiopoda belonging to the species^- 

Spiriferina grieshachi ^ Bitt., and 
(?) Rhynchonella bambanagensis^ Bitt. 

This limestone is no doubt equivalent to the ''limestone with 
Spiriferina griesbachi," Dien. 

The beds overlying the coral limestone are 'lithologically very 
. ^ ,^ ,. similar to the beds below it. It is chiefly com- 

Beds With Monoits , r , .^, • , j , i 

saiinaria, Spiriferina poscd of brown-wcathermg, sandy, and shaly 
Vnt' io ihe'**'s^tnite$ limestones, often dolomitic, with brown weather- 
b0ds," Ditm, jjjg sandstones, calcareous shales, and dark greyi 

hard limestones with brown dolomitic patches. The thickness of 
this series is about 300 feet. Palaeontologically it is characterized 
by its richness in bivalves and brachiopoda, ammonites being 
extremely rare. The former must first of all be mentioned. 

Monoits salinariaj Br, 

The discovery of this characteristic bivalve, which now for the first 
time is recorded from the Himalayas, is due to Mr. Hayden. He 
found it to be abundant between Mani and the Pin river on the 
right bank of the Spiti river. Later on I traced it also in a section 
east, above Lilang, but it is by no means so common there as near^ 
Mani. The layer of Monoits salinaria is a light grey, somewhat 
shaly-limestone, situated east of Lilang about 200 feet above the coral 
limestone. It is particularly interesting to note that the mode of 
occurrence of Monoiis salinaria is exactly the same in Spiti as in 
the Pamir, where Ferdinand StoHczka collected the species north-east 
of Ak Tash, 4 miles west of the Neza-Tash pass.^ Indeed hand-speci- 
mens from Spiti can scarcely be distinguished from those of 
Stoliczka's collections. Other fossils of this series are— 

Anodoniophora griesbachi^ Bitt. 
Spiriferina grieshachi^ Bitt. 

^ if. Su$u, Zur Stratigraphie Central-Asienf ; Deakichriften der k. Aksdemie d. Wineiip 
schafteo, Vienna, 1894, p. 460. 
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Rhynehonella bamianagensis, Bitt. 
Aulacothyris joharensis, Bitt 
^ Spirigera dieneri^ Bitt, 

Distichites nov. sp, (fragments.) 

Within this series, Spiriferina griezhachi was found in beds 
aboat 30 to 50 feet higher than the layer with Monotis salinaria. 
In the former horizon the rest of the species above mentioned, 
except Spirigera Dieneri^ also occur ; only one specimen of this 
species was found north of the Manirang pass in a shaly bed, im- 
mediately above the coral limestone. 

The specimens of Spiriferina griesbachi of this stage are dis- 
tinguished from those of the coral limestone below, by their remark- 
able size. Bittner^ has already drawn attention to the close 
resemblance of Spiriferina griesbachi to Stoliczka's Spiriferina 
iibeiica and altivaga, described as carboniferous forms. He con- 
siders it probable that these three species are identical. This is no 
doubt the case. Stoliczka's specimens cannot have been collected 
from the carboniferous, as nowhere in the true carboniferous of Spiti 
was found a brachiopod similar to Spiriferina griesbachi. 
Moreover, nowhere within many miles of Kibber, where Stoliczka 
found loose specimens of Spiriferina iibetica^ do carboniferous 
rocks occur. On the other hand north of Kibber, near the Parang Ld, 
Mr. Hayden observed the beds with Spiriferina griesbachi^ so that 
doubtlessly Stoliczka's loose specimens had come from these beds. 

The localities from which Spiriferina griesbachi have been 
obtained are very numerous, indeed in every section of upper Trias 
examined, the species was found to be abundant. 

As to ammonites, only fragments, apparently belonging to the 
genus Distichites^ have to be recorded. The genus Sagenites has 
not been traced in these beds. However, there can he no doubt that 
the series with Monotis salinaria^ Spiriferina griesbachi^ etc., 
corresponds to those beds of Painkhanda and Johar which have 
been termed ** Sagenites beds" by Prof. Diener. 

The beds with Monotis salinaria and Spirijerina griesbachi^ etc., 

Sttiet of guariaiies, ^^® overlaid by a series, characterized by the 
lirngsioneg and thaies occurrence of white and brown quartzites. It 

with Sptrifertna /tri«- . i • ^i i. ^ 

bachi, Bitt,, and Aula' forms a most conspicuous horizou throughout 
cothyrni0harfnsis,Bitt. gp^^j^ ^^^ j^ ^j^.^^ perceptible at great 

> Jahrbucli d. geol. Reichaanstalt, Vieooa, iS90» p. 6g6. 
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distances as a white band. Generally three different layers of quart- 
zite can be distinguished, separated from each other in the lower part 
by limestones, but towards the top black| shaly beds are intercalated. 
The system varies rather in character. It will suffice to mention 
the sequence as observed near Lilang which is as follows : — 

6. Great thickness of bl|ick and grey^ dolomitic lime- 
stone. 

4. Thick, brown quartzite. 

5. Black sapdy shales, with Aulacothyris johannsis^ 

Bitt., alternating with thin brown quartzite layers ; 
over 100 feet. 

3. Thin band of beautifully white quartzite. 

2. Dark grey, hard limestone, sandy or dolomitic, with 
brown dolomitic patches, and strange markings, 
probably representing sections of ? Megatodon 
or ? Dicer ocardium^ with Spiriferina griesbachi^ 
Bitt. Lima serraticosta, Bitt. ; about 200 feet« 

I. Brown quartzite, about 20 feet. 

Spiriferina griesbachi and Aulacothyris joharensis 
reach up from the lower beds into this horizon. 

The beds above the quartzite series are of a very uniform 

Thichuqfunc^ofUm^ lithological character. They consist of dolo- 

zionesy rtprtsefUing mitic, black or grey, somewhat earthy lime- 

Dachsteinkalk, in pari ^ ,, . .•• ,1 n^, ,,, 

Rhaetu^ Lias and Ooliu. stones mostly m thin beds. These, although 

acquiring a thickness of roughly 2,300 feet, do 
not change to any remarkable extent lithologically. With reference 
to this, I must, however, mention that about 400 feet above the 
quartzite series a white, dolomitic band of about 30 feet in thickness 
was observed in several sections. Frequently in these limestones 
red, dolomitic bands occur^ Near Gieumal I observed about 80 
feet below the Spiti shales, a brown quartzite of about 10 feet 
thickness. This may correspond to the conglomerate mentioned by 
Mr. Griesbach > as forming a contact bed between liis upper lias 
and the Spiti shales, north of the Niti pass. However, it must be 
emphatically remarked that no trace of an unconformability can be 
observed. There is every evidence that the passage from this lime* 
stone sequence into the Spiti shales is a perfectly gradual one. 

^ Mem. XXIII, p. It6. 
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The limestone series below the Spiti shales is throughout — except 
in the uppermost layers— extremely poor in fossils^ and those present 
are generally badly preserved. For this reason, only a few data 
can be given. 

Since this limestone mass is capped by the upper Jurassic ^ Spiti 
shalesi and since not the slightest trace of a break in the sedimen- 
tation can be discerned, the limestone mass must needs represent 
the uppermost dachsteinkalk, rhaetic, lias and oolite. This is, 
however, only proved by fossils as far as oolite and trias are 
concerned. Certain discoveries point to lias, but no rhaetic fossils 
have, so far, been recognized. 

The following fossils can be recorded :— * 

1. Megalodon ladakhensis, Bitt.', occurring at 50 feet above the 

quartzite series in a thick band almost entirely 

DathsUinkalk in part. jrj^ /. i.u • t^l- 

composed of Megalodon, at Hansi. This 
species was also collected by Mr. Hayden. Palang Buldur, 
Para river, Rupshu. 

2. (?) Spirigera Noetlingi, Bitt., described in Bittner's recent 

Memoir '' from beds of unknown age (presumably lias) 
from Nio-Sumdo in Karnag." 
Lima cumaunica, Bitt. 
„ serraiicosta, Bitt. 
Spiriferina nov. sp. 
very similar to Spiriferina griestachi, but without a median 
rib in the sinus of the large valve, and without a furrow in the lobe 
of the small valve. 

All these forms were collected between 200 and 300 feet above 
the quartzite series at various localities. 

3* Gastropods in bad preservation, among them a form, similar 
to Naticopsis gradata, Koken. About 400 feet above the 
quartzite series ; east of Lilang. 

4. Bivalves, chiefly Pecten and other genera, mostly preserved in 

casts, corals^ etc., not yet worked out. Collected up to 
about 400 feet above the quartzite series. 

5. Poo to goo feet above the quartzite series I collected between 

Gieumal and Chabrang a few very well pre- 
served specimens of Spiriferina, which bear a 

^ Denkschriften d. k. Ak. d. Wifseoschaften in Wien, 1895, r. 587. 
^ Palcontologia Indica 1. c. 
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striking resemblance to Spiriferina ohtusa^ 0pp., of the 
Hierlatz limestone of the eastern Alps (Geyer, Liasische 
Brachiopoden des Hierlatz, Abhandlungen d. geol. Reich- 
sanftalt, Vienna, 1889, pi. VIII). Although I should not 
like to attach any vital importance to this discovery, it is of 
interest, connected with the following observation, 
$• About 1,000 feet above the layer in which Spiriferina ef 

obiusa, Opp.i was obtained, and 370 feet below 
0wi^. the base of the Spiti shales, a very well pre- 

served ammonite was collected in the section between 
Chabrang and Gieumal. This is closely allied to Stepha^ 
noceras coronaiuptf Brug. (Explanations de la Carte G^olo« 
gique de France, Tome IV, 1878, pi. LIV, fig. 2). (n its 
transverse section, and the number of lateral tubercles (15 
Ui the Spiti form, 14 in' the European specimen referred 
to), there exists almost complete identity. There is only 
this noteworthy difference, that in the considerably larger 
specimen from Chabrang, the ribs are only very indistinctly 
developed on the siphonal part. Therefore they can only be 
seen in a side light. However, so much can be distinctly 
observed that two very flat folds rise from one tubercle 
crossing the external part in a forward-bent curve. 
I do not hesitate in determining this ammonite as Siephanoeeras 
tf coronatum^ Brug., and the beds including it must therefore be 
considered as Kelloway. The overlying beds of 370 feet in thick- 
ness, in places very rich in brachiopoda, will have to be included in 
the uppermost oolite. 

Seeing that Kelloway is in situ 370 feet below the base of the 
Spiti shales, the lias must lie considerably lower. Therefore it is 
quite possible that the beds with Spiriferina cf. obiusa actually 
represent the lias. At any rate a great part of the limestone series 
in question must be of liassic and Jurassic age. On the other hand 
there is little doubt that the lowest 300 to 400 feet are of upper 
triassic age, while higher up the rhaetic must be represented. To 
define the various horizons accurately will be a very difficult task, 
owing to the scarcity of determinable fossil remains. 

As to the beds following above the Spiti shales, I have only a few 

points to mention. Wherever well exposed, the 
•S C«2iiiJ1?iS5S2. Gieumal sandstone alternates at its base with 

the Spiti shales, a feature already observed 
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by Messrs. Stoliczka, Griesbach and Diener. South of Gieumal many 
bivalves mostly of poor preservation occur. Near Chikim and Kibber 
we observed casts of ammonites belonging to Perisfihinetes and 
Stefhanoeeras. 

The CbikijD limestpne of Chikim itself has yielded Foramtni/era, 
recorded already by PerdJMnd StoHczka. They belong to the 
genera 

Cristellaria, 
Dentalinai and 
Haplophragmium. 

In the Lingti valley a belemnite was observed in this limestone. 
The sequence of beds included between the productus shales and 
the Spiti sludes is given in the following table :-«»• 



Spiti shalks. 



Grey and t^lack earthy 
limestones, passing 

gradually into the Spiti 
shales. 
About 2,300 feet. 



White and brown quart- 
zites, black shales and 
hard grey limestones. 
From 300 to 350 feet. 



Brown weathering, sandy 
and shaly limestones, 
sandstones and do!o« 
mites. 

300 feet. 



Upper Jurassic* 



Siephanoceras cf, coronatuniy Brug* • 
About 1,800 to 1,900 feet above base. 

Spiriferina cf, obtusa, OpP* 

About 800 to 90b feet above base. 

f Spirigera noetlingi, Bitt. 
About 300 feet above 

^^^' ' Dachstein. 

Megalodon ladakhenns, t ij^l^ *" 

About 50 feet above 
base. 



Aulacothyrts j'oharensiSf Bitt. 
Near top. 

Lima eumaunica, Bitt. 
Spiriferina griesbachi^ Bitt. 
Lower Part. 



Spiriferina griesbachi, Bitt. 
Anoaontophora griesbachi, 

Bitt. 
Aulacothyrts johannsis, 

Bitt. 



Sagenites 

beds, 

Oiener. 



••• 



Oolite 

Lias. 

Rhaetic. 









) 



"r-i" 



Ujjper 
trial* 



X, 
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Brown wealhei'ng, sfltidy Distichiies no v. sp. . . ^ 



and shaly limestoneii, 
sandstones and dolo- 
mites. 

300 feet. 



250 feet above base. 

Monoiis salinaria, Br. 
200 feet above base. 

Spirigera dienerif Bitt. 
Base. 



Saffenites 

beds, 

Diener. 



Coral limestone 
100 feet. 



Brown weathering, sandy 
and shaly limestones, 
sandstones and shales, 
and black, splintery 
limestones. 

About 500 feet. 



Dolomitic limestone 
About 300 feet. 



Splirttery dark limestones, 
grev shaly limestones 
and calcareous shales. 
From 600 to 700 feet. 



Grev earthy shales with 
shaly limestone part- 
ings. 

About 500 feet. 



Spiriferinagriesbachiy Bitt. 
Khynchonella bambano' 
gensitf Bitt. 



M 



Limestone 
with Sp. 

griesba" 
Chi," 
Dien. 



ParaiibetiUs torngutstif 

Mojs. 
Juvavites aff. Ehrlichia 

Hau. 
Upper Half. 

7 ffaueriies n, /. ind., 

Mojs. 
ParatibeUtes aff. torn' 

quisti, Mojs. 
Near base. 



Halorites 

beds, 

Diener. 



Hauerites 

beds, 

Diener. 



Tropites cf. mbbullaius, 

Mojs. 
Tropites off. discobullatus, 

Mojs. 
Clydonautilus griesbachi, 
Mojs., etc. 
A boat 800 feet above 
base. 



r J, I 



Daonella 
beds. 



Spiriferina shalshalensiSi 

Bitt. 

Rhynchonella lankana, 
Bitt. 
About 300 feet at>ove 
base. 

Joannites cymbiformis, W. 
Trachyceras cf. aonoides, 
Mojs. 
Base. 



/ 






Upper 
trias. 



/ 
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Hard, dark, splintery 
limestone, shaly lime- 
siones intercalated. 
About 300 feet. 



Black, shaly limestones, 
thin-bedded. 

160 feet. 



Grey and black, concre- 
tionary limestones, with 
Chin, shaly partings. 
About 15 feet. 



Nodular limestone . 
About 60 feet. 



Halobia cf. eomata, Bitt. 
„ cf, /asctgera, Bitt. 
Upper part. 

Daonella lommeli, Wiss. 
Lower part. 









s 



Daonella indtca, Bitt. 

„ lommelt, Wiss. 
Qymniies eckt\ Mojs. 
irachyceraladinum, 

Mojs. 
Proarcestes bicinctar, 

Mojs. 
PiychiUs gerardi^ Blan.j 



C c 
o 

c« 

3 



L^dinic 
stage. 



PiychiUs rugtf^, Opp. \ ^PP*^*" 
Ceratttes ihuillieri, Opp. i 

Spiriferina stracheyi. Salter, etc. 



muscheK 
kalk. 



CeratiUs subrobustus, 

vlojs. 

Sibirites prahlada, Dien 
Danubttes kansa, Dien. 



Very poor in fossils • 



Lower 
» muschel- 
kalk. 



\ trias. 



> 



Mutchet< 
kalk. 



Grey earthy, concretionary 

limestones and shales. 

40 feet. 



Black limestone and 
dhiales. 

6 to 7 feet. 



Hedenstragmia mojsisovicsit') Upper 

Dien. I division of 

Danuhiies nivalis^ Dien. V lower 
Near base. J trias. 



Proftychites animonoides^'^ 

Meekoceras nov, sp. 
Upper part. 



Ophiceras Mkuntala, Dien. 
Near base» 



Y 



Otoceras 
beds. 



» Lower 
tfiaa. 



Prodttctus shales with Clyclolobus oldhamu Waag. 



Permian. 
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Abstract of Report on the Geological structure of the site^ proposed 
for the Bhavani dam, by T. H. HOLLAND^ A.R.C.S.i F.Q.S. 

The sites suggested for a dam across the Bhavani valley lie from 
4 to 8 miles west of Satyamangalam in the Coimbatore district, and 
just below the junction of the Moyar with the Bhavani river. 

The prevalent rocks in this particutar part of the valley are 
biotite-gneisses of a type generally regarded to be the oldest 
members of the Archaean group of crystalline rocks. With the 
biotite-gneisses there occur bands of hornblende schist, quartzites, 
quartz fuchsite schists^ quartz iron ore schists, and members of the 
chamockite series which have been considerably altered. 

The gneisses and schists of the Bhavani valley being situated 
between two great masses of strong, homogeneous charnockites-— 
the Nilgiris and the Bargrur hills — ^have noticeably suffered severely 
from the crushing effects of earth movements ; but as all such move- 
ments ceased in South India early in palaeozoic times, when these 
rocks were deeply buried, the cracks and faults in the gneisses ha^' 
been completely healed , and their present crushed appearance, due 
to the preservation of the old scars, is more apparent than real ; the 
gneisses, for all practical purposes, are now as firm as they would 
have been if they had escaped deformation. 

The principal points kept in view whilst examining the proposed 
sites were— 

(i) The distance from the surface of the fresh unweathered 
rock. 

(2) The probable rapidity of alteratipn on exposure of the 

fresh rock, to the new conditions near the dam founda- 
tions. 

(3) The direction and character of the younger joint planes^ 

which would permit percolation of water- under pres- 
sure. 

(4) The coincidence of junction planes between adjoining 

large formations with the areas of high pressure under 

the dam, and . consequent possibility of dtSerential- 

settlement in the foundations. 

(i) The first point had been very thoroughly investigated by 

the officers of the Public Works Department before the time of my 
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visit, and the detailed report by Mr. Malet shows the depth of suba€rial 
decomposition at numerous points along each of the proposed sites. 
It was on account of the great thickness of the soft, weathered rock, 
that the site A.B.,^ first selected, was afterwards condemned. 
Besides the great depths to which the weathering agents have pene- 
trated in the region of the A.B. site, the excavations made to the 
south of the river cut an intrusion of the peculiar decomposed dunite 
with magnesite, which is now known in so many isolated patches in 
South India. Their soft, irregular nature and the readiness with 
which these rocks (the dunites) lend themselves to hydrous decom- 
position, render them quite unfit for the foundations of a large dam. 
There is, therefore, in this discovery an additional reason for aban- 
doning the A.B. sitCi and I entirely agree with the general opinion of 
the Engineering officers as to its unsuitability. 

(2) With the exception of the dunite referred to io connection 
with the abandoned A. B. site, there are no rocks in the valley 
noticeably liable to rapid alteration on exposure to the weather or 
water. The second consideration needs, therefore, no further 
discussion. 

(3) The-display of the old fracture scars and the strongly marked 
foliation of the biotite-gneisses have given rise to ill-founded suspi* 
cions as to their stability. Microscopic sections across the fracture 
planes show the rocks to be completely re-cemented by crystalline 
material, and to be just as firm now as if they had never suffered 
any crushing in the past. Similar remarks apply to the foliation 
planes, which, at the G. H. site, strike nearly east and west, or at 
right angles to the alignment of the dam. It has been suggested 
that such a disposition of the foliation planes parallel to the river bed, 
and across the line of the dam, will facilitate the percolation of water 
under the dam; but it should be remembered that though the 
disposition of the constituent minerals, especially of the mica scales, 
in bands, permits an easy clearage of isolated fragments along the 
foliation planes, these planes are perfectly closed up in the rock 
mass. The tendency to easy clearage, due to the thin films of mica 
principally, is quite consistent with the absence of actual open 
fissures in the rock mass. The principal channels for percolation 
would be along the younger joint planes, which occur as frequently 

^ Three alternative tites known respectitely as the A. B., CD. and G.H. sites were» 
cxamiaed, and their positioot marked on a geological map accompanying the original report. 



232 Geolo^t'cal Survey of India. 

across, as along the foliation, and in this particular respect the 
biotite-gneiss is as sound as most rocks, whilst its composition is 
unfavourable to any form of solution in water which would tend to 
widen such joint planes and convert mere cracks into open fissures. 
I do not consider^ therefore, that the direction of the foliation planes 
can be fairly offered as objection to the G.H. site. 

(4) The disposition of the garnetiferous basic rock (garnetifer- 
ous amphibolite) forming the small hill along the site CD., illustrates 
the fourth point in which the geological features of the site are of 
importance. It was thought, apparently, that this garnetiferous rock 
(amphibolite) formed a continuous band along the central portion 
of the CD. site ; but excavations made at the point where the CD. line 
crosses the Bhavani river, reveal the ordinary biotite-gneiss on the 
left (N.) bank of the river, whilst the amphibolite is found to strike 
across at a higher point. On following the CD. line towards C 
the amphibolite is again meet with, and then continues as a ridge 
for over hall a mile in the west- north-west direction, that is, parallel 
to the direction of the similar ridge on the right (S.) bank of the 
river, but not exactly in line with it ; the two ridges are in fact 
arranged en echelon^ and the two bands of ^amphibolite are thus not 
actually continuous with one another. Either they are parts of a 
band dislocated by a fault plane near and parallel to the river, ori 
which is more likely from what we know of the habits of this 
peculiar rock, the two bands are separate, lens-shaped intrusions 
into two fissures, parallel to one another, and coincident with the 
foliation planes in the gneiss. 

Usually the lenticular bodies which this rock habitually forms in 
South India, are stouter and more convex, more definitely lens-shaped 
in fact. But in the Bhavani valley they have been flattened out by 
the same earth-movements which have so intensely foliated the 
associated gneisses^ and this fact I did not fully appreciate imtil I 
had examined the rocks microscopically. However, the correct geolo- 
gical interpretation of these phenomena is of less importance for the 
preisent than the actual fact that at this point, the most critical point 
in the CD. site, there is a double geological change, first from 
amphibolite to biotite-gneiss and, in a short distance, back again to 
the amphibolite band. Both the amphibolite and the biotite-gneiss 
would be sufficiently superior to all that will ever be required of them 
'in this respect, that the possibility of differential settlement due to 
the weight of the dam need scarcely be discussed ; but where the 
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water pressure will be so great as it will be at this the deepest point 
in the reservoir, and where, in fact, all the enemies to its stability 
will act with maximum effect on the dam, I should consider it advfs- 
able^ when possible, to avoid building across the junction planes of 
two dissimilar geological formations. 

In the case of the Bhavani project the existence of an alternative 
site at G.H. offers a means for avoiding this form of danger. Along 
the G.H. line there is also a change in the geological formation, but 
the change is between two rock groups which differ merely in struc- 
ture, not in mineral composition ; the differences between a 
gneissose granite and a biotite-gneiss of the old type in South India, 
though of theoretical interest to the geologist, are of no importance 
from the engineering standpoint. But in this instance, toO| the 
change of formation occurs at a point in the G.H. line which is at a 
higher comparative level than the double, and more serious change, 
which has just been referred to in connection with the CD. site. 

From the geological standpoint, therefore, I would give a vote in 
favour of G.H., but it is only fair to state that had CD. been the 
only site available I should not consider the change from biotite- 
gneiss to amphibolite sufficiently important to justify a protest against 
its selection. At the same time, when another good site is available 
without any apparent drawbacks, I should, as a matter of principle, 
decide in favour of the latter. 

There is one point on which a brief explanation is due to the 
members of the committee who favoured the selection of the CD. 
site. When going over the ground I noticed that the margins of the 
amphibolite lenses showed signs of alteration by dynamical meta- 
morphism, but did not fully appreciate the fact that such an altera- 
tion had extended to the centre of the mass until the specimens 
collected hajd been prepared for microscopic examination. I expected 
consequently that the rock of the ridges would be highly jointed 
until Mr. Larminie showed, by excavations made on the Pungur hill, 
south of the river, that the amphibolite was far more massive than I 
had expected. The point which I raised in committee, namely, 
that the jointed rock of the ridges would permit free percolation, 
must therefore be withdrawn. The amphibolites are, I find, 
slightly decomposed with formation of carbonate of lime, and they 
contain also considerable quantities of apatite (phosphate of lime), 
but the proportions of these minerals do not attain anything near a 
dangerous degree. 



d34 Ciological Survey of India. 



Appendix I. 

Lut of Societies and other Institutions from which publications 
have been received in donation or exchange for the Library of 
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Adblaidb. — Royal Society of South Australia. 
AtBANT.— New York State Library. 

„ „ „ Museum. 

Baltimore.— Johns Hopkins University. 

„ Maryland Geological Survey. 

Bbrli v.— Deutsche Geoiogische Gesellschaft. 
M K. Preuss. Akad. der Wissenschaften. 
„ Geoiogische Landesanstalt. 

und Bergakademie. 
BoLOOMA.— R. Accad. delle Scienxe dell' Istituto de Bologna. 
Bombay.— Bombay branch of the Royal Asiatic Society. 

„ „ Natural History Society. 

BoRDBAUX.— >Socidt^ Linneenne de Bordeaux. 
Boston.*-' American Academy of Arts and Sciences. 

„ „ Association for the Advancement of Science. 

„ Society of Natural History. 
Brbslau. — Schlesische Gesellschaft fur Vaterlandische Cultur. 
Brisbane. — Royal Geographical Society of Australasia. 

„ Royal Sodety of Queensland. 
Bristol.^— Bristol Museum and Reference Librai^. 
Brussels.— Soci6t6 Royale Beige de Geographie. 
BucHARBST.— Muse. 

M Museului di Geologia si di Palasontologia, 

Budapest.— Kon. Ungarische Geoiogische Gesellschaft. 

99 ^ 99 i> Anstalt 

Caen.— Soci^t6 Linneenne de Normandie. 
CALCDTTA.«-Agricultural and Horticultural Sodety of Bengal. 

„ Asiatic Society of Bengal. . 

„ University of Calcutta. 

I, Editor, Indian and Eastern Engineer. 

Cambridge. — Philosophical Society. 

„ Woodwardian Museum, 

Cambridob, Mass.— Museum of Comparative Zoology* 
Canada. — Hamilton Association. 
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(^APB Town-Capb of Good Hopb.— Geological Commission. 

Chicago.— Field Columbian Museum. 

CoPBNHAOBM. — AcAdemi6 Royale des Sciences et des Lettres. 

Dbs Moinbs. — Jowa Geological Survey. 

Drbsdbn.— Naturforschende Gesellschaft. 

Dublin. — Royal Dublin Society. 

„ Royal Irish Academy. 
Edinburgh. — Geological Society. 

n Royal Scottish Geographical Society. 

Pravkfurt-am-Main.— -Senckenbergische Naturforschende Gesellschaft. 
Frbiburo in Badbn.— Naturforschende Gesellschaft I sis* 
Gbnbva.— Soci6t^ de Physique et d' Hist. Nat. de Geneva. 
Glasgow.— Glasgow University. 
GdTTiNGBN.-«K5nig1. Gesells. der Wissenschaften. 
Halifax.— Nova Scotian Institute of Science. 
Hallb* — Academia Cassarea Leop. Carol. Nat. Curiosorum. 

n Naturforschende Gesellschaft. 
Hblsingfors.— Commission Geologique de la Pinlande. 

„ Soci^t^ Pinlande de Geographie. 

Indiana.— Department of Geology and Natural Resources. 

H Indiana Academy of Science. 
1 ohannbsburg. — Geological Society of South Africa. 
Konigsburg.— Kdnig. Physikalisch-Okonomische Gesellschaft* 
Lausannb. — Societe Vandoise des Sciences Naturellei* 
Lawrbncb. — Kansas University. 
Leipzig. — K5o. Sach. Gesells. der Wissenschaften. 

,9 Verein fur Erdkunde. 
LiBGB. — Soci6t6 Geologique de Belgique. 
LiLLB.— M 99 du Nord* 

Lisbon. — ^Travaux Geologiques du Portugal. 
LivBRPOoL. — Geological Society. 
London. — British Association for the Advancement of Science^ 

n British Museum (Natural History). 

„ Geological Society. 

„ „ Survey of the United Kingdom. 

»• Iron and Steel Institute. 

9, Linnean Society. 

„ Royal Geographical Society. 

,> „ Institution of Great Britain* 

M M Society. 

M Society of A^s. 

n Zoological Society. 

,9 Imperial Institute. 
Macon.— L'Institut Colonial di Marseille. 
Marsbillb. — Paculte des Sciences de Marseille. 
MADRiD.^Sociedad Geografica de Madrid. 
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Manchester.- -Geological Society. 

>» Literary and Philosophical Society. 

Melbourne. — Department of Mines and Water-supply. 

» Royal Society of Victoria. 

Mexico. — Instituto Geologicode Mexico. 
Milan. — Societa Italiana di Scienze Naturali. 
Moscow. — „ Imp. des Naturalistes. 
Munich.— KSnigl. Bayerische Akad. der Wissenschaften. 
Newcastle-upon-Tyne.— North of England Institute of Mining and .Mechanical 

Engineers. 
New Haven.— Editor, American Journal of Science, 
New York. — Academy of Sciences. 

„ American Museum of Natural History. 

Neuchatel- — Socidt^ des Sciences Naturelles. 
Ottawa.— Geological and Natural History Survey of Canada. 

„ Royal Society of Canada. 

Para.— Museu Paraense de Historia Naturelle Ethnographia. 
Paris.— 'Department of Mines. 

„ Ministere des Travaux Publics. 
>9 Museum de Histoire Naturelle« 
y> Societe de Geographie, 
M „ Geologique de France. 

Penzance.— Royal Geological Society of Cornwall. 
Perth.— Geological Survey, Western Australia. 
Philadelphia.— Academy of Natural Sciences. 
„ American Philosophical Society. 

»• Franklin Institute. 

„ Waener Free Institute of Science. 

Pisa. — Societa Toscana de Scienze Naturali. 
Pretoria.— State Mining Department. 
Rio-de-Janeiro.— Imperial Observatory, 
Rochester.— Geological Society of America. 
Rome.— *Reale Accad. dei Lincei. 

Comitato Geologico d* Italia. 
Societa Geologica Italiana. 
Saioon. — Economique d'l' Indo-Chine. 

Salbm.— American Association for the Advancement of Science. 
M Essex Institute. 

San Francisco.— California Academy of Sciences. 
Shanghai. — China Branch of the Royal Asiatic Society. 
Sinoaporb.— Straits Branch of the Royal Asiatic Society. 
SrocKHOLM.'-Konig. Svenska Vetenskaps Akademiens. 

M Sveriges Geologiska Undersokning. 

St. Petersburg.— Academie Imperiale des Sciences. 

,, Comite Geologique. 

„ Russ. Kais. Min. Gesellschaft. 
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Sydney.— Australian Museum. . 

„ Geological Survey of New South WaJ^ 

„ Linnean Society u \ 

w Royal » w 

„ Department of Mines and Agriculture. 

„ Australasian Association for the Advancement of Science. 

T OKI 0.— College of Science, Imperial University. 

„ Deutsche Gesellschaft fur Natur-und Volkerkundc. 

ToPBKA.— University Geological Survey of Kansas. 
Toronto.— Canadian Institute. 
Turin.— Reale Accad. delle Scienie. 
Upsal A.— Geological Institution, University of Upsala. 
Venicb.— R. Instituto Vencto di Scienze Lete ed Arti. 
Vienna.— K. Akad. der Wissenschaften. 

„ K. K. Geocrraphische Gesellschaft. 

„ „ Geologische Reichsanstalt. 

„ „ Natur. Historisches Hofmoseum. 

Wash iNGTON.— Smithsonian I nstitution. 

„ United States Department of Agriculture. 

,, „ „ Geological Survey. 

„ „ „ National Museum. 

„ „ „ „ Academy of Sciences. 

Wellington. — New Zealand Institute. 
YpRK.— Yorkshire Philosophical Society. 
Z URi CH . — N aturforschende Gesellschaft. 
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From ist April 1899 to 31ST March 1900. 

Boohs and Pamphlets, etc, 

Agamennonb, (?.— I Terrimoti nel Turkestan del 15 Agosto e 17 Settembre 

1897. 8°, Pam., Modena, 1898. 
„ Sopra un sistema di doppia Registrazrone negli strumenti 

sismici. 8°, Pam., Modena, 1899. 
A L COCK, ^.— An account of the deep*sea Brachyura collected by the Royal 

Indian Marine Survey Ship Invesiigaior. 4', Calcutta, 1899. 
„ A Descriptive Catalogue of the Indian deep-sea fishes in the Indian 

Museum, being a revised account of the deep-sea fishes 

collected by the Royal Indian Marine Survey Ship Investigator* 

4^ Calcutta, 1899. 
Beck, JL.— Die Geschichte des Eisens. Band I Y, Lief. 5-6. 8^ Braunschweig, 

1898-99. 
Bbrtrand, JoHplw^K^gMSXt Daubr^. 8^ Paris, 1896. 
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BlamforDj W. 7.— The Fauna of British India. 

Birds. Vols. MV, by E. W Oates and W. T. Blanford. 

Fishes, „ Ml, „ F. Day. 

Hymenoptera, Vol. I, by C. T, Bingham. 

Mammalia, ,, ,• W T. pianford. 

Moths, Vols. MV, by G. F, Hampson. 

Reptilia and Batrachia, by Boulenger. 8°, London, iSSj-gQ. 
BoNNBT, T. (?.— Volcanoes, their structur.e ^d significance. 8% London, 1899. 
Bordeaux, il.— Les Mines de L'Afrique di| Sud, Traps vaal, Rhodesia etc. 

8°, Paris, 1898. 
Bronn, H. Cr.— Klassen and Ordnungen des Thier*Reichs. Band II, Abth 3, 

Lief, sa-28. 
Band III, Lief. 35-47. 

„ IV, Abth a, Lief. S3r55 and] Supplement Band IV, 
Lief. I4-I7* 

„ VI, Abth 5, Lief. 54-56. 8®, Uipzig, 1899. 

Brush, G. J. — Manual of determinative Mineralogy, with an introduction on 

Blow-pipe analysis. Revised by Samuel L. Penfield, I5tfa 

edition. 8% New York, 1898. 
Brusina, 51 — Materiaux pour la Faune Malacologique n^og^ne de la dalmatie* 

dela croatic et de la Slavovi6 avec des esp&ces de la Bosnie de 

L'Herz^govine et de la Serbie. 4°, Zagreb- Agram, 1897. 
BuKowsKi, G$J9a voM.— Geolog^sche Uebersichtskarte der Insel Rhodus. 8^, 

Wien, 1899. 
CoMPioMEULLES, Rtv. V. Z>0.— Observations taken at Dumraon, Behar, India, 

during the Eclipse of the aand January 1898. 8% London, 

1899. 
Carnot, ^.^Trait^ D'Analyse des substances minerales. Tome I, M&thodes 

G6ndrales D'Analyse qualitative et quantitative. 8^, Paris, 

1898. 
Christt, V. ^.—Quicksilver-condensation at New Almaden, California. 8°, 

Pam., Philadelphia, 1885. 
CoHBN, i?.— Meteoritenkunde, Heft I. 8% Stuttgart, 1894. 

y, Sammlung von Mikrophotographien* Auflage 3, Lief. 1-4. 4®, Stut* 

gart, I899-X900. 

CossMANN, if .-^Essais de Pal^oconchologie Compar^e. Livr 3, 8^ Paris, 

1899* 
„ Notes comptdmentaires sur la Faune E6c^nique de L' Alabama. 

4®, Pam., Turin-Palermc, 1893. 

Dahlblom, Th. — Ueber Magnetische Erzlagerstatten und deren Untersuchung 

durch magnetische Messungen. 8^ Freiburg in Sachsen, 1899. 
Dana, J?. 5*.— A Text-book of Mineralogy with an extended Treatise on crystallo- 

gwphy and physical mineralogy. New Edition. 8% New York, 

1898. 
Das Tibrrbich.— Eine Zusammenstellung and Kennzeichung der rezenten Tier- 

formen, Ltef. 5 and 7-9. §^ Berlin, 1899-1900. 
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Davison, CA,— The Hereford Earthquake of 1 7th December 1896. 8% Biraiinf 

gham, 1897. 

Edward, if. — Histoire Naturdle des cnntaces. Vols. I— III, and Atlas. 8"* 

Paris, 1834-40. 

Felix, y., and Lbnk, ^.^BeitrSge cur Geologie und Palseontologie der Republik 

Mexico, Theil I, II, Heft i— ^ and III. 4^ Leipzig, 1890-99. 

Foots, R. ^.— The Geology of the Baroda State. 8°, Madras, 1898. 
Frbcb, F.— Die Steinkohlen Formation. 8*, Stuttgart, 1899. 

FmTSCB, Ant — Fauna der Gaskohle und der Kaiksteine der Permformation 

Bohmens. Band IV, Heft i — 2. 4^ Prag, 1899. 

Gaillord, 6*.— Apropos de L'ours Miocene de la g^ivesaint-alban (is^ric). 8% 

Pam., Lyons. 
General Report and Statistics of Mines :tA Quarries for 1897. Pt 4* Colonial 

and Foreign Statistics. 

General Report and Statistics of Mines and Quarries for 1897. Pt. i. District 

Statistics. 
General Report and Statistics of Mines and Quarries for 1897. Pt a. Labour. 

Ditto ditto Pt.3. Output. 

Flsc, London, 1899. 
GrOnwbdbl. — See Mainwaring. 
GCnthbr, 5*.— Handbooch der Geophysik. Band II, Lief. 11 — la. 8®, Stuttgart, 

1899. 
Gbikib, 7. — Earth Sculpture or the origin of Land-forms. 8°, London, 1898. 

Godwin- Austen, S. H, — Land and Freshwater Mollusca of India. Vol. II, 

Part 9, and plates. 8° and 4°, London, 1899. 
Grabn, E. — Die Stadtische Wasserversorgung im Deutschen Reiche sowie in 

einigen Nachbarlandern. Band II, Heft i, 4®, Munchen und 

Leipzig, 1899. 
Hbndbrson, J, Am Leo, — Petrographical and Geological investigations of certain 

Transvaal norites, and pyroxenites and other South African 

rocks. 8°, London, 1898. 
Her Majesty's Inspector of Mines' Report for 1898. Nos. I, 3, 4, 6% 8^13, Flsc, 

London, 1899. 
HiNTZ, C— Handbuch der Mineralogie. Band I, Heft i — 2. 
Jervis, W. p. — The Mineral Resources of Central Italy : including Geological, 

Historical and Commercial notices of the mines and marble 

quarries. With a Supplement containing an account of the 

mineral springs. 8^, London, 1868. 
„ ^Progetto di Massima di lavori idrauHci nazionali nel veneto. 8^9 

Torino, 1884. 
„ — Guidee alle acque minerali D' Italia. 8°, Lorino, 1876. 

Kbilhack, K^— Kalender fur Geologen, Palaontologen und Mineralogen. Jahr. 

1900. 8^ Leipzig, 1900. 
Kirk, 7\— The Student's Flora of New Zealand and the outlying Islands. 8^ 

Wellington, N. Z., 1899. 
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Klein, C— Binleitung in die Krystallberechnung. 8^ Stuttgart, 1S76. 
KcEHLBR, R. — An Account of the Deep-sea Ophiurotdea collected by the Royal 

Indian Marine Survey Ship Investigator, . 4°, Calcutta, 1P99. 
KosRT, (K.— Geologische und Palaontologische Untersuchung der Grenzschichten 

zwischen Jura und Kreide auf der Sudwestseite des Setter. 8*, 

Panin Gottingen, 1898. 
Lapparbnt, a, De, — Traite de Geologie. 4th Edition. Fasc. 1 — U. 8^ Paris, 

i9oo« 
Lbiss, C, — Die Optischen instrumente der Firma R. Fuess. 8^, Leipzig, 1899. 
Lbndbnfbld, Robert Von. — Die Hochgebirge der Erde. 8°, Freiburg in Brei*- 

gau, 1899. 
Lbvat, M, E. Z).— Guide pratique pour la Recherche et L'Exploitation de Lor en 

guyane Francaise avec une annexe donnant le texte desd^crets 

qui regissent les placers dans la colonie. 8^ Paris, 1898. 
L(ewinson-Lbssino, F. — Studten uber die Eruptivgesteine. 8°, St. Petersburg, 

1899. 
Lorenzo, Giuseppe de, — Reliqute di Grandi Laghi Pleistocenici nell' Italia Meri- 

dionale. 4% Napoli, 1898. 
„ . — Studio Geologico del Monte Vulture. 4^ Napoli, 1900. 

Louis ff.^'A Handbook of Gold Milling. 2nd Edition. 8^, London, 1899. 
Mahon, R, ^.— a Report upon the Manufacture of Iron and Steeh in India* 

Flsc.. Simla, 1899. 
Mainwarino, G. B. — Dictionary of the Lepcha Language, Revised and com- 
piled by Albert Grunwedel, Berlin. 8^ Berlin, 1898. 
Marr, y. £.— The Principles of Stratigraphical Geology. 8^ Cambridge, 1898. 
MoLBNORAAFP, G, A, F.— The Glacial Origin of the Dwyka Conglomerate. 8°, 

Pfcm., Johannesburg, 1898. 
Murray, J. A. h, — A New English Dictioriary on Historical Principles. Vol. IV, 

Germano-Glass-cloth and Vol. V, Heel — Hywe. 
Nbtschajabw, a. — Die Fauna der Permischen Ablagerungen des Sstlichea 

Theils des Kuropaiscben Russlands. 8^, Kasan, 1894. 
Nbuburoer, ^. L« and Noalhat, H. — Technologie du Petrole. Tome I. 8*, 

Paris, 1900. 
Nbwth, G. S. — A Manual of Chemical Analysts, Qualitative and Quantitative. 

8^ London, 1898. 
NitscHB, H. — Studien uber Hirsche. Heft i. 4% Leipzig, 1898. 
Norwegian North Atlantic Expedition, 1876-78. 

XXV Zoologi— Thalamphora, 

XXVI " Hydroida. 4% Christiania, 1899. 

OicoRi, F.— Notes on the Earthquake Investigation Committee Catalogue of 

Japanese earthquakes. 8^, Pam., Tokio, 1899. 

P LATH AN, A. — Ober eine isomorphe Reihe von formationen des Calcium, Stronti- 
um, Baryum, und Blei. 8°, Pam., Kuopio, 1897. 

PoTONi, ^.— Lehrbuch der Pflanzenpalaontologie. Lief. 4. 8^ Berlin, 1899. 

Prister, il.— Notes on the origin and formation of the Witwatersrand auri* 

ferous Deposits. 8°, Johannesburg, i898« 
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RoBUER, F.^Lethxa Geognostica. Theil 1, Band II, Lief. 2. 8^ Stuttgart, 1899. 
RussELLi /. (7. — River Development as illustrated by the Rivers of North 

America. 8**, London, 1898. 
Rust, Br, — Neue Beitrage zur Kenntniss der Fossilen Radiolarien aus 

Gesteinen des Jura und der Krejde. 4°, Stuttgart, 1898. 
Sacco, F, — 1 Molluschi dei Terreni Terziari del piemonte e della liguria. Parts 

XXVI— XXVIL 4^ Torino, 1898.99. 

ScHENK, 7)f.,— Fossile Pflanzen aus der Albourskette, gesammelt von E. Tietzt. 

4°, cassel, 1887. 

ScHMBissBR, Karlf and Vogelsang, AT^ari.— The Gold-fields of Australasia, 

Translated by Henry Louis. With maps. 8°, London, 1898. 

Schroedbr, Van der Kolk y, L. C.— Tabellen zur mikroskopischen Bestim- 

mung der Mineralien nach ihrem Brechungs index. 8°, Wiesba- 
den, 1900. 

ScHWALBB, (r.— Studien uber Pithecanthropus erectus Dubois. 8°, Stuttgart, 1899. 
Sbrita, 5*.— The Earthquake investigation Committee Catalogue of Japanese 

Earthquakes. 8°, Pam., Tokio, 1899. 
Sj6gren, S.C.H. — ^The Iron ore deposits of Dunderland (Norway). S% Pam., 

Upsala, 1894. 
S5hlb, W. — Das Ammer-Gebirge. 8**, Pam., Munchen, 1899. 
SzECHBNYi, Gra/en. Bila* — Die Wissenschaftlichen Ergebnisse der Reise des 

Grafen Bela Szechenyi in Ostasieru 1877-1880. Band III. 4^ 

Wien., 1899. 
Trouessart, E. L, — Catalogus Maramalium tum viventium quam fossilium. 

Nova Editis. Fasc VI. 8^ Berolini, 1899. 
Truchot, p. — Les Terres rares. Mineralogie— Propriet^s analyse. 8°, Paris, 1898. 
Tryon, G, W, — Manual of Conchology. ist series, parts 65 A and 68, and 2nd 

series, parts 44 and 45. 8°, Philadelphia, 1897-98. 
TscHERMAK, C— Lehrbuch der Mineralogie. 5th Edition. 8®, Wien, 1897. 
Tolla, /^ — Neuere Erfahrungen uber den geognostischen Aufbau der Erdober- 

flache Nos. VI— VII, 1894-98. 8^ Wien, 1894-98. 
„ Ober den neuesten Stand der Goldfrage. 8^, Pam., Wien, 1899. 

Udden, J, i4.— The Mechanical Composition of Wind Deposits. 4% Rock Island, 

111., 1898. 
Vbrbeeb, /?. D, y. — Kort Verslag over de Aardbeving te ambon op 6 January 

1898. 8^ Pam., Batavia, 1899. 
Vogelsang, Karl, — see .Schmeisser. 
ZiTTEL, i4 — Handbuch der Palaeontologie. Abth I, Band I-IV, and Abth II, 

Band II. 8^, Munchen and Leipzig, 1880-93. 
Grundzuge der Palseontologie (Palseozoologie). (2 copies). 8% Mun« 

chen und Leipzig, 1895. 
Geschichte der Geologie und Palasontologie bis Ende des 19 JahrhunT 

derts. 8^ Munchen und Leipzig, 1899. 
Text-book of Palaeontology. Vol. I. Translated by C. R. Eastman 

(2 copies). 8°, London, iS)oo. 
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PERIODICALS, SERIALS, etc. 

American Geologist. Vol. XXXIII, Nos. 3—6, and XXXIV, Nos. 1—6, and 

XXV, Kos. 1-2. 8^ Minneapolis, 1899-1900. 
„ Journal of Science. 4th series. Vol. VII, No. 39, to Vol. IX, No. 50. 8**, 
New Haven, 1 899-1900. 
Naturalist. Vol. XXXIIU Nos. ^387-397- S*', Philadelphia, 1895-1900. 

Annalen der Physik und Chemie. Band LXVIl, Heft 3—4, LXVIII, Heft 1—4, 

LXIX, Heft I — 4* Then continued as : — 

Annalen der Physik. Band I, Nos. 1—2. 8°, Leipzig, 1899-1900. 

Annales de Geographie. Annee VII, No. 36, to VIII, No, 41. 8% Paris, 1898-99* 

Annals and Magazine of Natural History. Vol. Ill, No. 16, to Vol. V, No. 27. 

8°, London, 1899-1900. 

Athenaeum. Nos. 3725—3776. 8^, London, 1899-1900. 

Beiblatter zu den Annalen der Physik und Chemie, Band XXIII, Nos. 3—19 

and Band XXIV, No. i. 8^ Leipzig, 1899-1900. 

Beitrage zur Geophysik. Band IV, Heft 1—2. 8^ Leipzig, 1899. 

Chemical News, Vol. LXXIX,No. 2051, to Vol. LXXXI, No. 2102. 8*». Lon- 
don, 1899- X900. 

Colliery Guardian, Vol. LXXVII, No. 1994, to LXXIX, No. 2045. ^^'y London,. 

1899-1900. 

Geological Magazine, New Series, decade IV, Vol. VI, No. 4 to VoL VII, No& 

I — 3. 8°, London, 1899- 1900. 

Indian and Eastern Engineer, New Series, Vol. IV, Nos. 4 — 6, Vol. V, Nos. i— 6, 

and Vol. VI, Nos. i — 3. 4°, Calcutta, 1899-1900. 

Industries and Iron, Vol. XXVI, No. 1366, to Vol. XXVlII,No. 1417. 4% Lon- 
don, 1 899- 1 900. 

Jahrbuch der Astronomie und Geophysik. Jahrgang IX. 8% Leipzig, 1899. 

Journal de Conchyliologie, Vol. XLVI, Nos. 2 — ^4 and Vol. XLVII, Nos. 1—2. 

8° Paris, 1898-99. 

Journal of Geology, Vol. VII, Nos. 2—8. 8% Chicago, 1899. 

London, Edinburgh, and Dublin Philosophical Magazine. 5th series. Vol. XLVII, 

No. 287, to Vol. XLIX, No. 298. 8% London, 1899-1900. 

Mineralogical Magazine, Vol. XII, Nos. 55—56. 8°, London, 1899. 

Mining Journal, Vol. LXIX, No. 3316, to Vol. LXX, No. 3367. Fol., London, 

1 899-1900. 
Natural Science, Vol. XIV, No. 86, to Vol. XV, No. 94. 8% London, 1899. 

Nature, Vol. LIX, No. 1533, to Vol. LXI, No. 1584. 8**, London, 1899-1900. 
Neues Jahrbuch fur Mtneralogie, Geologie und Palseontologie. 1899, Band I, Heft 

3, Band II, heft 1—3, and 1900 Band I, Heft i — 2. 8®, Stutt- 
gart, 1899-1900. 
„ Beilage Band Ditto. Band XI, Heft 3, XII, Heft 1—3, 

and XIII, Heft i. 8°, Stuttgart, 1899. 
Palaeontographica. Band XLV, Lief. 6, and XLVI, Lief. 1-4. 4°, Stuttgart, 1899. 
Palaeontologishe Abhandlungen. Neuc Folgo Band IV, Heft 3. 4°, Jena, 1900. 
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fPetcmanii's Gec^^raphiache Mittheihmgvtr, Band XLV, ^k». 3^12, and XLVf, 

N08. I — 2. 4^, Gothay i899*i9(x>. 
ScienUfic American. VoL LXXX, No. 9 to LXXXII, No. 8. FoL, New York, 

1S99-1900. 
„ ,» Supplement, Vol. XLVH» No. uoQtoXLIX, No. ia6o, Fol., 

New Yorkf 189^1900. 
Tsehermak's Mineralogische und Petrographbche Mittheilun^gem Band 

XVIil, Heft 5— <5, and XIX, Heft 1—3. 8^ Wien, 1899-1900. 
Zeitschrift fur KryBtallogr^phie und Mineralogic. Band XXI, Heft 1—6, and 

XXXII, Heft I — 3. 8**, Leipzig, l899-i90o« 
„ fur Praktische Geologic^ 1899, Heft 3— la and 1900, Heft 1—2. 8", 

Berlin! 1899-1900. 

GOVERNMENT SELECTIONS, REPORTS^ &c. 

. A bUiHA&AB.— Report c(n tiie Administraion of the Central Provinces for 1897.98 

and 1898-99* Flsc., Allahabad, 1899-1900. 

Chiev Commissioner^ Central Provinces. 
-AasAM.-— ileport on the Adininistratk>n of the Province of Assam for i898-99. FIsc^ 

ShiUong, 1899. Chief Commissioner, Assam. 

BoMBAT.—Bricf sketch of the Meteorology of the Bombay Presidency for 1898-99. 

Flsc., Bombay, i898«99. Bombay Government. 

» Magnetical and Meteorological Observations made at the Gov- 

ernment Observatory, Bombay, for y897. 

Bombay Government. 
n Reports on the Administration of the Bombay Presidency for 

1898-99. Plsc., Bombay, 1899 . Bombay Government. 

9$ Bombay Gazetteer. Vol. ix, pt. 3. 8°, Bombay, 1899. 

Bombay Government. 

„ Selections from the Records of the Bombay Government. New 

Series, Nos. 3^3^ 369» 37i» 373» 375» 37^ 378. 379i 380. Flsc, 

Bombay, 1898-99. Bombay Government* 

„ Articles on the Geology of the portions of the Bombay Presidency 

(2 copies). 8^ Bombay, 1898. 

f. Appendix to the Government S^ections, Nos. 280 and 285. Flsc, 

Bombay, 1898. Bombay Government, 

„ Administration Report of the Marine Survey of India for 

•1898-99. Flsc, Bombay, 1898-99. Bombay Government. 

BORMA.-— Report on tbe Administration of Burma for 1898-99. Flsc, Rangoon, 

1899. Burma Government. 

„ Thirty-second Annual Report on the Light-houses and Light 

Vessels off the coast of Burma. Flsc, Rangoon, 1899. 

Burma Government. 
Hyderabad,— Report on the Administration of the Hyderabad Assigned Districts 

for 1898-99. Flsc, Hyderabad, 1899. Resident, Hydbrabai>> 
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I KDiA.— Administration Report on the Railways in India. Parts I-II for 1898*99 

FIsc, Calcutta, 1898-99. Government of India. 

iy Agricultural Ledger. 1899. ^o^* '"''' ^* Calcutta, 1899. 

Government of India. 

Annual Statement of the Trade and Navigation of British India 
with Foreign countries and of the coasting trade in the year end- 
ing 31st March 1899. No. XXXIII, Vols. 1-2. 4", Calcutta, 1899 

Government op India. 

Civil Budget Estimates for 1899-1900. Flsc., Calcutta, 1899. 

Government op India. 

History of Services of Officers holding gazetted appointments in 
the Home, Foreign, Revenue and Agricultural, and Legislative 
Departments, corrected to ist July, 1899. 8°, Calcutta, 1899. 

Government op India. 

List of Civil Officers holding gazetted appointments under the 
Government of India in the Home. Legislative, Foreign and Rev- 
enue and Agricultural Departments, corrected to ist July Ib99. 
8^ Calcutta, 1899. Government of Ini>ia. 

List of officers in the Survey and other Scientific Minor Departments 
subordinate to the Government of India in the Department of 
Revenue and Agriculture, corrected to ist July, 1899 and ist 
January 1900. 8*, Calcutta, 1899-1900. 

Government of India. 
y, List of officers of the Geological Survey of India, corrected to ist July 
1899 aud 1st Jauuary 1900. 8°, Calcutta, 1899. 

Government -of India. 

,, Meteorological Department- 
Administration Report^ 1898-99. 4% Calcutta, 1899. 
India Weather Review. — Annual Summary, 1898. 4% Cal- 
cutta, 1899. 
Monthly Weather Review.— December 1898 to September 

1899. 4% Calcutta, 1899. 
Rainfall Data of India, 1898. Flsc., Calcutta, 1899. 
Indian Meteorological Memoirs. Vol. VI, part 5, X, parts 2-4 
and XI, pact I. 4^ Simla, 1898-98. 
„ Report on the Administration of Andaman and Nicobar Islands for 

1899. Flsc., Calcutta, 1899. 
Selections from the Records of the Government of India, Foreign De- 
partment, Nos. 365. 369 and 37X-373« Flsc., Calcutta, 1899- 
X900. 
Madras.— Report on the Administration of the Government Museum and Conne- 

mara Public Library for 1897-98. Flsc, Madras, 1899. 

Madras Government. 
Annual administration Report of the Forest Department, Madras Pie- 

sidency, for 1897-98. Flsc, Madras, 1899- 

Madras Government. 
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Ma DRAS.-~ Report on the administration ofgthe Madras Presidency for 1898-99. 

Flsc, Madras, i899. 

Madras Government. 
Punjab. — Report on the Land Revenue administration of the Punjab for the 

agricultural year, ist October 1897 to 30th September 1898. 
Flsc, Lahore, 1899. 

Punjab Government. 
„ Gazetteer of the Peshawar district for 1897-98. 8^ Lahore, 1898. 

Punjab Government. 
„ Gazetteer of the Kangra district, Parts II— IV. Kulu, Lahul and Spiti 
for 1897. S^> Lahore, 1899. 

Punjab Government. 
„ Monograph on the Silk Industry of the Punjab for 1899. FIsc, Lahore, 
1899. 

Punjab Government. 
„ Report on the administration of the Punjab and its dependencies for 
1898-99. FIsCh Lahore, 1900. 

Punjab Govern me vt. 
4, Final report on the revision settlement of Dehra Gazi Khan district 
FIsc, Lahore, 1898. 

Punjab Government* 
,, Final report on the revised settlement of the Kula Sub-division of the 
Kangra district. Flsc, Lahore, 1898. 

Punjab Government. 
i Final report of the revision of settlement 1892 — 99 of the Montgomery 
district, by P. J. Fagan. Flsc, Lahore, 1899. 

TRANSACTIONS, PROCEEDINGS. ETC., OF SOCIETIES, 

SURVEYS, ETC. 

At>slaide. — Royal Society of South Australia- 
Transactions, Vol. XXIII, parts 1-2. 8^ 1899. 

Albany.— New York State Museum- 
Annual Keport, 49th, Nos. i*2 and 50th, No. i. 8° and 4*, 
1897-98. • 

Baltimore. — Johns Hopkins University- 
American Chemical Journal. Vol XX, Nos. a-io, and Vol. 

XXI, Nos. 1.5. 8°, 1898.99, 

Journal of Mathematics. Vol XX, Nos. 2-4 and 
Vol. XXI, Nos. 1-2. 4°, 1898-99. 

Journal of Philology. Vol, XVIII, No. 4 and Vol. 
XIX, Nos. 1-4. 8°, 1897-98. 
Circulars, Vol. XVIII, Nos. 139-141. 4®, 1899. 
Studies in Hi3torical and Political Science. Ser. XVI, Nos. I*I2 

and Ser. XVII, Nos. 1.5. 8', 1898-99. 
Maryland Geological Survey. Vols. ML 3^, 1 897-98. 
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Bbr LIN.-- Deutsche Geologische Gesellschaft— 

Zeitschrift. Band L, Heft 3-4, 4T, Heft 1-3. 8^ 1899. 
„ Kdnig. Preussische Akademie der Wissenschaften.— 

Abhandlungen, 1898. 4% 1898; 
Sitzungsberichte, Nos. i»53« 9*, z899« 
„ Konig, Preuss. Geol. Landesanstalt'^ 

Abhandlungen. Band X, Heft 6-^ and Neue Folge Heft 
25 and Atlas and Heft 29. 8®, 1898*99. 
y, K. Preussische Geol. Landesanstalt und Bergakademte Jahrbuch. 

1888-89* 1893, and 1895. 8°, 1889-96. 
„ Gesellschaft fur Erdkunde.— 

Verhandlungen. Band XXVI, Nos. 2-10 and XXVII, 
No. I. 8°, i899-i9oo« 

Zeitschrift. Band XXXIII, No. 6 and XXXIV, Nos. 1.5- 
8", 1899. 
BoLooNA.— R. Accad. delle Scienzedell' Istituto di Bologna. — 

Memoire. Series 5th) Tomo VI. 4°, 1896-97. 
Bombay. — Bombay Branch of the Royal Asiatic Society'^ 

Journal, Vol. XX, No. 55. 8®, 1899. 
„ Natural History Society — 

Journal. Vol. XII, Nos, 2-3. 8^ 1899. 
BoKDBAUX. — Soctete Linn, de Bordeaux.— 

Actes. Serie VI, Tome ML 8^, 1897. 
BosTON.^Amerlcan Academy of Arts and Sciences-^ 

Proceedings, Vd. XXXIV. Nos. 2*23 and XXXV, N09. 1-3. 
8®, 1898-99. 
„ Society of Natural History- 
Memoirs, Vd. V, Nos. 4^5, 4^ 1899. 

Proceedings, Vol. XXVllI, Nos. 13*16 and XXIX, Nos. 1-8. 
8', 1899. 
The Metallographist, Vol. II. 8", 1899. 
Brbslau*— Schlesische Gesells. fur Vaterlandische Cultur.— 

Jahres— Bericht, No. 76. 8^, 1898. 
BRiSBikME.— Queensland Branch of the Royal Geographical Society of Austra- 
lasia — 

Proceedings and Transactions. Vo! XIV. 8®, 1899* 
^ Royal Society of Queensland — 

Proceedings. Vol XIV, 8^,1899. 
Bristol. -Museum and Reference Library^- 

Report ending 30th September, 1898. 8^ igoo. 
,, Naturalists* Society- 

Proceedings. New Series, Vol IX, pt i. 8°, 1899. 
Brussels. — Societe Royale Beige de Geographie — 

Bulletin. Annee XXIII, Nos. 5-6. 8^ 1899. 
„ Societe Royale Malacologique de Belgique— 

4th Series, Tome XXXI.,Fasc. 2and XXXII-XXXIII. 8^ 1899. 
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Brussels. — Minist^re de Llndustrie et du Travail^* 

Bibliographia Geolo^ca. Ser. A, Tome I and B Tome II. B^» 
1899. 
SucHARBST. — Mustului de Geoli^a si di PalaDontologia— - 

Annarulu 1896. 8^ 1899. 
Budapest.— Hung. Nat. Museum. — 

'Termes^etrajze Fuzetek. Band XXII, Heft 1-2. 8°, 1899. 
„ Kon. Ungar. Geol. Anatalt — 

Jahresberichte fur 1896 and 1897. 8"*, 1898-99. 
General Register der Mittheilungen. Band I-X. 8°i 1898. 
j» Ungar. Geol. Gescllschaft. — Foldtani Kozlony. 

Band XXVIII, Nos. 5.1a. 8% 1898. 

BuBNos Aires. — Accademia Nacional de Ciencias en Cordoba. — Boletin.Tomo 

XVI, No. 1. «%i899. 

„ Museo Nacional. •— 

Comunicaciones. Tome I^ Nos. 1-5. 8°, 1898-99. 
Anales. Tomo VI. 8°, 1899. 

Caen. — Societe Linn, de Normandie — 

Bullettn. S^rie 5, Vol. I, Fasc. 2-4. 
Memoires. Vol. XIX, Fasc. 1-2. 4% 3S97-98. 
Calcutta. — Agricultural and Horticultural Society — 

Proceedings and Journal. Vol. XI, Aprils 
December, 1399. 8% 1399-1900. 
^ Asiatic Society of Bengal — 

!Vol. LXVIil, Part I, No. i. and extra") 
., ,. „ II.Nos.i-4.^''''[«'''^-«^- 
„ „ „ III, No. I. J 

Proceedings. Nos. 3-10^ and extra No. xi (1899), and Nos. 1-2 

(1900). 8"*, 1899-1900. 
<»« Economic and Art Section gf tlie Indian Museum — 

Annual Report for 1898-99. 8", 1899. 
«» Geological Survey of India — 

Memoirs. Vol. XXIX. 8^ 1899. 

Pabeontologia Indica. New Series. Vol. I« Arts 1-2 and Series 
XV, VoL I , Part 2 and Vol. Ill, Part t. 4% 1899. 

General Report ol the work carried on by the Geological Sur- 
vey of India from ist April, 1899 to 31st March, 1899. 8°, 
1899. 

Quarterly Notes. No. 4 (1898-99) and Nos. 1-3 (1899-1900). 
Flsc., 1899. 

,, Report of the Inspection of Mmes in India for the year ending 31st 

December 1897. By James Grundy. FIac., 1898. 
Report of the Inspection of Mines in India for the year ending 3ist« 
December i898.By James Grundy. Flsc-, 1899. 
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Calcutta. — Report of the Inspeclioti of the Coal Mines belonging; to the Assam 

Railways and Trading Co., Ld., Assam. By James Grundy, 

Flsc, 1899. 

Report on the Inspection of the Coal Mines in the Sor Range of 

hills near Quetta and at Mach. By James Grundy. Flsc, 1900. 

Report on the Inspection of the Mayo Salt Mines, Salt Range 

Khewra, Jhelum District, Punjab, and of the other Salt Mines 

in the Salt Range. By James Grundy. Flsc, 1898. 

„ Survey of India Department.^" 

Notes. March 1899 ^^ February 1900. Flsc, x 899-1900. 

General Report on the operations of the Survey of India 

Department during 1897-98. Flsc, IS99, 

„ University of Calcutta. 

Calendar for 1899. 8°, 1899. 

Minutes for 1 898-99 . 8°, 1899. 

Cambridge. — Philosophical Society^ 

Proceedings. Vol. X, Parts 2-4. 8S 1899. 

Transactions. Vol. XVII, Part 3. 8% 1899. 

„ '^Woodwardian Museum.- Annual Report of the Museums and 

Lecture-rooms Syndicate. No. 33. 4^, 1898. 

„ University Library — 

Report of the Library Syndicate for the year ending 31st 

December 18 ;8. 4^, 1899. 
Cambiiidgb, Mass.— Museum of Compar/ttive Zooloey — 

Annual Report of the Curator for 1898-99. 8°, 1899. 

Bulletin. Vol. XXXII, Nos. 9-10, and XXX 1 1 1— XXXV, 

Nos. 3-7. 8*, 1898-99. 

Memoirs. Vol. XXIII, No. 2. 4% 1899. 

Canada. — Hamilton Association — 

Journal and Proceedings. No. XV. 8°, 1899. 

Capb Town.— Cape of Good Hope. — Geological Commission — 

Annual Report for 1897. 4°, 1S98. 

Chicago. — Academy of Sciences. — Geological and Natural History Survey- 
Bulletin. No. 2* 

Chicago.— 'Field Columbian Museum — 

Geological Series. Vol. I, Nos. 2-6, 8^, 1897-99. 
Report Series. Vol. I, Nos. 3-4. 8", 1897-98. 
Zoological Series. Vol. I, Nos. 6-7 and 11-15. 8', 1897. 

Colombo.— Ceylon Branch of the Royal Asiatic Society- 
Journal. Vol. XV, Nos. 48-49. 8®, 1898-99. 

CoPBNBAOBN. — Alcademid Royale des Sciences et des Lettres — 

Bulletin. No. 6, 1898, and Nos. 1-5, 1899. 8^ 189S-99. 
Memoires. 6th Series, Vol. IX, Nos. 1-3, and X, No, i. 4^ 
1898-99. 

Dbs Moinbs. — Iowa Geological Survey- 
Annual Report. Vols. VIII-IX. 8*, 1898-99. 
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Dresden. — Naturwissenschaftliche Gesellschaft Isis — 

Silzungsberichte und Abhandlungen. Jahr. 1898, July bis, De- 
cember and Januar bis Juni, 1899. 8^ i899« 
Dublin.— Ro)a] Irish Academy — 

Proceedings, 3rd Series, Vol. V, Nos. 1-3. 8", 1898-99. 
Transactions. Vol. XXXI, Part 7. 4**, 1899. 
„ Royal Dublin Society — 

Scientific Proceedings. Vol. VIII, Part 6. 8®, 1898. 
Scientific Transactions. Series II, Vol. VI, Parts 14*16, and 
VII, Part I. 4^ 1898. 
Edinburgh. — Geological Society- 
Transactions. Vol. VII, Part 4. 8^ 1899. 
„ Royal Scottish Geographical Society — 

Scottish Geographical Magazine. Vol. XV, Nos. 4-12, and XV 
Nos. 1-3. 8°, 1 899* 1 900. 
Frankfurt A. M. — Senckenbergische Naturforschende Gesellschaft— 

Bericht, fiir 1898. 8^ 189S. 
Frbiburg in Ba.den— Naturforschende Gesellschaft.— 

Berichte. Band XI, Heft i. 8°, 1899. 
Geneva.— Societe de Physik et d'His'.oire Naturelle — 

Memoires. Tome XXXI, Part 2, and XXXIII, Part i. 4^ 
i892-g8. 

Glasoow.— Memoirs of the Geological Survey of the United Kingdom.— The 

Silurian rocks of Britain, Vol. I, Scotland, by B. N. Peach and 
John Horn with Petrological chapters and Notesy by J. J. H* 
Teall. 8% 1899. 
Glasgow University- 
Calendar for I899-I900. 8^ iP99> 

A Roll of the Graduates of the University of Glasgow from 
31st December 1727 to 31st December 1897 with short biblio- 
graphical Notes. 8"*, 1898, 
Philosophical Society. — 

Proceedings. Vol. XXX. 8% 1899. 
GoTTiNGBN.^Konigl. Gesellschaft der Wissenschaften. — 

Geschaftliche Mittheilungen. Heft 2 (1898) and Heft i (1899). 

8^ 1899. 
Mathematisch-Physikalische Klasse. Heft 1-2 (1899). ^* 1899. 
Halifax. — Novascotian Institute. — 

Proceedings and Transactions. Vol. IX, part 4. 8", 189S. 
Halle.— K. Leop.— Carol. Deuts. Akad. der Naturforscher.- 

Abhandlungen. LXX-LXXI. 4®, 1898. Leopoldina. Heft 
XXXIV. 4*, 189^. 
Naturforschende Gesellschaft zu Halle. — 

Abhandlunge. Band XXI, Heft r— 4. 4^, 1898. 
Helsinofors.— Societe de Geographie de Finlande.*— 

Meddelahiden. Vols. MV. 8^ 1892-99. 
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Hblsinofors. — Commission Geologique de la Pinlande. 

Bulletin. Nos. i-io. 8^ 1895-99^ 
iNDUNAFOLi&'^Indiana Academy of Science. — 

Proceedings. 1894. 8^ 1895. 
t, Indiana Department of Geology and Natural Resources-«23nd 

and 23rd Annual Report, 8^y I898-99. 
K0NI6SBERO.— Konig. Phys. — Okon. Gesellschaft. 

Schriften. Vol. XXXIX. 4% 1898. 
Lausannb;— See. Vaudoise des Sciences Naturelles.— - 

Bulletin, 4th Series, Vol. XXXIVi No. 130 to Vol. XXXV, 
No. 132. 8°, 1898-99. 
Lawrencb.— Kansas University*— Quarterly. Vol. VII, No. 4 and Vol. VIII, 

Nos. 1-3. 8^ 1898^. 
LBBD&-— VorkBhire Colleg-e.— 

25th Annual Report 8^ 1899. 
Lbidbn.— 'Geologische Reichs- Museum. — 

Sammlungen. BahdV; Heft 6 and VI, Heft I. 8^1899. 
Lbipzio.— K. Sach. Gesells. der Wissenschaften. — 

Abhandlungen. Band XXV, Nos. 1-7 and XXVI, No. i. 

8°, 1 899-1 goo. 
Berichft uber die Verhandlungen. Band L. Nos. 1-6 and LI, 
No. 1. 8°, 1899. 
». Verein fur Erdkunde. — 

Mittheilungen, 1898. 8^ 1899. 

Wissenschaftliche Ver5f!entlichungen. Band III, Heft 3 and 
IV. 8°, 1899. 
Libob.— Soci6t6 Gdologique de Belg^que.— Annales, Tome XXV!, Iivr2-3, and 

XXVII, livr I. 8^, 1898-1900. 
LiLLB.— Soci^t^ Geologique du Nord. — Annales. Vol. XXVI. 8*, 1898. 
Lisbon.— Travaux Oeolog^ques du Portugal — 

Communicacoes da Direccao. Tome III, Fasc. a. 8^ 1896-98. 

LiVBRFOOL. — Literary and Philosophical Society — 

Proceedings. Vol. LI I. 8**, 1898. 
London.— Bridsh Association for the Advancement of Science. Report of the 

68th meeting held at Bristol in 1898. 8^, 1899. 
„ British Museum (Natural History) — 

The Genera and Species of Blastoidea with a list of the speci- 
mens in the British Museum (Natural History). By F. A. 
Bather. 8% 1899. 
„ Chemical Society — 

Journal. Vols. I^XXV-LXXVI, No. 436, to Vols. LXXVII- 

LXXVlII,No.448. 8% 1899-1900. 
^ Geological Society — 

Geological Literature added to the Geological Society's Library 

during the year ended 31st December 1898. 8^ 1899-1900. 
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List of Members for ist November 1899. 2^, iBgg* Quarterly 
Journal. Vol. LV, Parts 2-4^ and LVI, Part i . 8*, 1899-1900. 

London.— Geological Survey of the United Kingdom^ 

Summary of Progress for 1898* 8^, i8i^. 
„ Iron and Steel Institute — 

Journal. Vol. LIV, No. 2 and LV, No. 1. 8*, 1899. 
List of Members 1899. 8^, 1899. 
„ Linnean Society— 

r Botany, Vol. XXXIII, No. 234, to XXXIV, No. 239, 
Journal < Zoology, Vol. XXVI, No. 172, to XXVII, No. 177. 

L s% 1898-99. 

Proceedings November 1897 ta June 1898; 8®, 1898. 
f Botany. 2nd Ser., Vol. V, Nos* 9-10. 
Transactions j Zoology. 2nd Sen, VoL VII, Nos. 5-8. 4% 

K 1898-99. 

List of Fellows for 1898-99. 8% 1898. 
„ Royal Geographical Society- 

Geographical Journal. Vol. XIII, Noe. 4^, XIV, Nos. i-f, 

and XV, Nos. 1-3- 8^ 1899.1900. 
Yearbook and Record for 1899. 8% 1899. 
Royal Institution of Great Britain — 

Proceedings. VoL XV, Part 3. 8°. 1899. 

^ Royal Society— «... « « «« 

Proceedings. Vol. LXIV, No. 404, to Vol. LXV, No. 418. 8*», 

1898-99. 
Philosophical Transactions. Ser. A, Vols. 189—191, and B, 

Vols. 188— 190. 4^1897-98. 
List of Members for 1898. 4". 1898- 

Society of Arts — 

Journal. Vol. XLVII, No. 2417. to Vol. XLVl II, No. 2468. 8», 

1899— 1900* 

Zoological Society— , « v 00 » 

Proceedings. Part 4 (1898). and Parts 1-3 (1899)- 8^1899. 

Transactions. Vol. XV, Parts 2-4. 4^1899. 
List of Fellows corrected to 31st May 1899- 8 , 1899- 
MADRiD.-Sociedad Geografica.-Boletin. Tomo XL, Nos. 10-12, and XLIV, 

Nos. 1-4. 8% i899' 

Manchester.— Geological Society— ,0^0.^ 

Transactions. Vol. XXVI, Parts 1-12. ^MSQ^-Tg^ 
Literary and Philosophical Society— . vt i%r 

Memoirs and Proceedings. Vol. XLIII, Parts i-& and XLIV, 
Part I. 8*, 1898-1900. 



Macon.— L' Institut Colonial de Marseilli «o o o 

Annales. Ann^ 6, Vol V, Fasc. i. 80, 1898. 
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Marsbillb. — Faculte des Sciences^* 

Annales. Tome IV, Fasc. 1-2 ; V, Fasc. i ; VI, Fasc. 4-6 ; VIII, 
Fasc. 1-5 ; and IX, Fasc. 1-5. 4% 1899. 

Melbournb. — Dept. of Mines and Water-supply — 

Annual Report of ihe Secretary for 1898. FJsc, 1899. 

„ Royal Society of Victoria — 

Proceedings. New Series, Vol. XI, Part 2. 8"*, 1899. 

Mexico. — Instituto Geologico de M6xico — 

Boletin. No. 11. 4°, 189S. 

Milan. — Soc. Italiana de Scienze Naturali — 

Atti. Vol.XXXVIII, Fasc. 1-3. 8^1899. 

M ODBNA. — Societa Sismologica Italiana — 

Bolletino. Vol. IV, No. 8, to Vol. V, No. 5. 8^1899. 

Moscow. — Societe Imperiale des Naturelistes— 

Bulletin, Ann6e 1898, Nos. 2-4, and 1899, No. i. 8% 1S98-99. 

Munich.— Konig. Bayerische Akad. der Wissenschaften — 

Abhandlungen, Band XIX, Abth 3, and XX, Abth i. 4^ 1899. 

Sitzungsberichte. 1899, Heft 1-2. 8% 1899. 

Oflenrlichen Sitzungsberichte. 1896—98. 8°, 1897-98. 

Neuchatel. — Soci6t6 des Sciences Naturelles de Neuchatel — 

Bulletin. Tome XXI -XXV. 8°, 1893-97. 

Nbwcastlb-upon-Tyne. — North of England Institute of Mining and Mechanical 

Engineers — Annual Report. 1897-98. 8^ 1898. 
Transactions. Vol. XLVII, Parts 6-7, and XLVIII, Parts 1-4, 
8% 1898.99. 

„ Institution of Mining Engineers-- 

Transactions. Vol. XVI, Parts 4—6, XVII, Parts 1—4 and 
XVIII, Parts I— 3. 8°, 1899. 

New Havbn. — Connecticut Academy of Arts and Sciences — 

Transactions. Vol. X, Part 1. 8", 1899. 

New York.— Academy of Sciences- 
Annals. Vol. X, Nos. 1-12; XI, Nos. 1-3; and XII 
No. 1. 8°, 1898-99. 
„ American Museum of Natural History — 

30th Annual Report. 8°, 1899. 
Bulletin. Vols. X and XI, Part 1. 8^, 1898. 

Ottawa.— Geological Survey of Canada«- 

Annual Report. New Series, Vol. X. 8^, 1899. 
Contributions to Canadian Palaeontology, Vol. IV, Part 1. 8\ 
1899,, 
Royal Society of Canada — 

Proceedings and Transactions. 2nd Series, Vol. III. 8% 1897. 



»» 
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Oxford.— University- 
Catalogue of books for 1899. 4^ 1900. 

Para.— Museu Pararnse de Historia Natural E. Ethnographia — 

Boletim. Vol. I, Nos. 2-4, and II, No. 4. 8% i895-99. 

Paris. — Department of Mines — 

Annales. Tome VII, livr 2. Ser. IX, Tome XIV, livr 12, XV, 

livr 2, to XVI, livr 11, and XVII, livr i. 8°, 1895-1900. 
Tables des Matieres. 1882-91. 8^,1893. 

9, Minislere des Travaux Public — 

Bulletin des Services de la Carte Geologique de la France et 
des Topographies Souterraines. Tome X, No. 64, to XI, No. 
70, 8% 1898-99. 

„ Museum d'Histoire Naturelle— 

Bulletin. Annde, 1898, Nos. i-6. 8°, 1898. 
„ Soci^t6 de Geographie— 

Bulletin. 7th Series, Tome XVIII, No. 4, and XX, Nos. 1-4. 
8', 1899. 

Comptes Reudus des Stances. 1899, ^o^* i*7* ^°> 1S99. 
„ Soci6t6 Fran9aise de Mineralogie— 

Bulletin. Tome XXI, No. 8, and XXII, Nos. 1-7. 8°, 1899. 

„ Soci6t6 Geologique de France- 
Bulletin. 3me Serie, Tome XXVI, Nos, 5-6, and XXVII, 
Nos. 1-2. 8°, 1898-99. 
„ Catalogue de la Bibliotheque et des Collections de Feu Crosse. 8^ 1899. 

Pbnzancb.— Royal Geological Society of Cornwall-^ 

-Transactions. Vol. XII, Part 4. 8°, 1899. 

Perth.— Geological Survey, Western Australia — 

Annual Progress Report for i898« Flsc., 1899. 
Bulletin. Nos. 1-3. 8S 1898-99. 

Philadelphia.— Academy of Natural Sciences- 
Journal. 2nd Series, Vol. XI, Part 2. 4°, 1899. 
' Proceedings. Parts 2-3 (1898), and Part 1-2 (1899). 8^ i898-99- 
„ American Philosophical Society — 

Proceedings. Vol. XXXVII, No. 158, to XXXVlII, No. 159. 

8^ 1898-99. 
Transactions. New Series, Vol. XX, Part i. 4^, 1899. 
9, Franklin Institute— 

Journal. Vol. CXLVII, Nos. 3-6; CXLVIII, Nos. 1-6; and 
CXLIX, Nos. 1-3. 8^ 1899-1900. 
„ Wagner Free Institute of Science- 

Transactions. Vol. Ill, Part 4 and Vol. V. 8^ x898>99. 

PiSA«-*5oc. Toscana de Scienze Naturali — 

Process! Verbali. Vol. XI, pp. 103M77 and XII, pp. 1-28. 
8^ 1899- 1900. 
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Prao*— Naturwissenschaft liche Landcsdurchforschung von -Bdhmen-- 

l^and ll« ai>th 11^ thdl i-s. 

.» IV^^Kos. i-2» 4f'^>'and atlas to Na 2. 
n V, „ 1-3 and 5/ 

Ardiie \ *' ^^ *' 4» 

„ VU^ ,, 2-4 and atlas to No. 6. 

« VIII, ^ 5. 

y, IX, „ I, 3, and atlas to No. 6. 
n X, „ 4 and atlas to No. t. 
^ „ XI, „ 4. B**, 1874-98. 
Prbtoria.— Report for the year ending 31st December 1898 a:s presented by the 

State Mining Engineer to the Government of the South Africaa 
Republic FIsc, 1899. 
Rio-de-Janbiro.— Imperial Observatory.— 

Annuario. Anno XV, 8°, 1899. 
RocHBSTiR.--Oeologi€al Society of American- 
Bulletin. Vol. IX. 8*, 1898. 
Rome.— Reale Accademia dei lincei.— 

Rendiconti. Series V, Sems I, Vol. VIII, Fasc. 5— I2i 

„ II, „ VIII, „ I— 13. 

n If 9» IX, ff I — ^4* 

8^ i899-i9oa 
Rendiconto. Anno CCXCVI. 4', 1899. 
M R. Comitato Geologico d'ltalia — 

Bollettino. Vol. XXIX, Nos. 3-4, and XXX, Nos. 1-3. 
8**, 1898-99. 
M Societa Geologica Italiana— 

^ Bollettino. Vol. XVII, Fasc. 1—4. 8*^, 18&8. 

S^AiooN.— Econoraique d' r Indo-Chine— 

Bulletin. Ann6e I,'Nos. I to III, Nos. «o. 8% 1898-1900^ 
Salem.— American Association for the Advancement of Science. 

Proceedings. Vol. XL VII. 8^ 1898. 
i> Essex Institute- 
Bulletin. Vol. XXVII, Nos. 1-6, and XXIX, Nos. 7- 12.' 

c ^ 8', 1895-98. 

2>AN Francisco.— California Academy of Sciences- 
Proceedings. 3rd Series, Vol. I, Nos. 4-6. 8^ 1898-99. 

Shanghai.- China Branch of the Royal Asiatic Society — 

Journal. New Series, Vol. XXX. 8°, 1899. 

Singapore.— Straits Branch of the Royal Asiatic Society- 
Journal. No. 32. 8°, 1899. 

Stockholm.— Kong. Svenska Vetenskaps Akademiens— 

Bihang. Band XXIV, Nos. 1-4. 8% 1899. 
Handlingar. Vol. XXXI. 4% 1898-99. 
Ofversigt. Band LV. 8% 1899. 
Meteorologiska. Band XXXV-XXXVI. 4°, 1898. 
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Stockholm.— Sveriges Geologiska Undenokning — 

Afhandlinger. Ser Aa 1 14, Ac 34, Ba No. 5, €, Nos. 162,176- 
l^g, and 181-182. 4° and 8^ i896r99. 
„ Upsala Universitets Mineralogisk-Geologiska Institution. — 

Meddelanden. Nos. 23-24. 8", 1898-99, 4 

St. Petersburg. — Acadesnie Imperiale des Sciences — 

Bulletin. Serie V, Vol. VUI» No. 5> IX, Nos. 1*5, and X, 

Nos. 1-4. 8^j89a-99. 
Memoires. Vol. VIII, No. I. 4^ 1898. 
„ Comite Geologique. — 

Bulletin. Tome XVII, Nos. 6-10, and XVIII, Nos. 1-2. 

8% 1898-99. 
Memoires. Vol. VHI, No. 4, and XII, No. 3. 4^ 1898-99. 
„ Russ. Kais* Min. Gesellschaft — 

Materialen Zur Geologic Russlands. Band XIX. 8^ 1899. 
Verhandlungen. Serie 2, Band XXXVI, Lief. 1-2, and XXXVII, 
Lief. I. 8^ 1899. 

Sydney. — Australian Museum — 

Memoirs. Vol. Ill, Parts 7-8, and IV, Part i. 8^1899. 
Records. Vol. Ill, Nos. 5-6. 8% 1899. 
Report of the Trustees for 189S. Flsc, 1899. 
M Geological Survey of New South Wales. — 

Memoirs. Ethnok)glcal Series, No. x. 4^ i899* 
Records. Vol. VI, Parts 2-3. 4% 1899. 
„ Linnean Society of New South Wales. — 

Proceedings. Vol. XXIIl, Part 4» and XXIV, Parts 1—3. 
8% 1898-99. 
„ Royal Society of New South Wales. — 

Journal and Proceedings, Vol. XXXII. 8", 1899. 
„ Department of Mines and Agriculture. — 

Mineral Resources. Nos. i-6. 8°, 1898-99. 
Annual Report for 1898. Flsc, 1899. 
„ Australasian Association for the Advancement of Science.— 7th 
Meeting held at Sydney. 8^, 1898. 
ToKio. — College of Science, Imperial University- 
Journal. Vol. XI, Parts 2—4. S*', 1899. 
„ Deutschen Gesellschaft fur Natur.— und Volkerkunde Ostasiens.^ 
Mittheilungen. Band VII, Theil 2-3. 8^1899. 
TopBKA. — University Geological Survey of Kansas— 

Vols. Ill— IV. 8^ i8f,8. 
„ Annual Bulletin on Mineral Resources of Kancas 
for 1897. 8% Lawrence, 1898. 
Toronto. — Canadian Institute— 

Proceedings, Vol. II, Part i. No. 7, and Vol. II, Part 2, No. 8. 

8^ 1899. 
Transactions, Vol. V, Part 2, No. 10. 8°, 1898. 



256 Geological Survey of India, 

Turin. — Reale Accademia della Scienze — 

Atti. Vol. XXXIV, disp. 5-15. 8% 1899. 

Memorie. 2nd Series. Tome XLVIII. 4^1899. 

Osservazioni. Anno, 1898. 8% 1899. 
IJpSALA. — Geological Institution, University of Upsala — 

Bulletin. Vol. IV, Part i, No. 7. 8°, 1899. 
Vbnicr. — R. Istituto Veneto de Scienze Lettre ed Arte.— 

Atti. Serie VII, Tome LVII, Serie VIII, Tome LVIII, Disp 
1—4 and LIX, Disp i. 8^ 1898-99. 
Vienna. — K. Akad.der Wissenscbaften — 

Denkschriften. Band LXV, LXVI, Theil 1—2 and LXVII. 
4% 1898-99. 

SAbth. I, heft 6-10 
» Ilfl, „ 3—10 
., 1 1 A, „ 4—10 
M III, „ I — 10 

8', 1898. 

,» K. K. Geographische Gesellscbaft— 

Mittheilungen. Vol. XLI. 8®, 1898. 
rt K. K. Geol . Reichsanstalt — 

Jahrbuch. Band XLVIII, Heft 2—4, and XLIX, Heft i. 8* 

1898-99. 
Verhandlungen. Nos. i-i8. 8% 1899. 
,y K. K. Nat. Hist. Hofmuseum — 

Annalen. Band XIII, Nos. I -3. 8^ 1898. 
W ashinotgn.— Smithsonian Institution-— 

Smithsonian Miscellaneous Collections. Nos. 11 70, 11 71, and 

II 73- 8°, 1899. 
Annual Report for 1896 and 1897. 8^ 1898. 
^, United States Department of Agriculture — 

North American Fauna. Nos. 14 and 15. 8^, 1899. 
Yearbook. For 189698. 8^ 1897-99. 
Washington. — United States Geological Survey — 

Annual Report i8th and I9ih, Farts i, 4, and 6. 4^9 1897. 
Bulletin, Nos. 88, 89, and 149. 8^ 1897-98. 
Monographs, Vols. XX I X^ XXX, XXXI, with atlas, and 
XXXV. 4°, 1898. 
„ United States National Museum — 

Bulletin, Nos. 1-27* 29-31, 39, Parts H K and 47, Parts 

2-3. 8% 1875-98. 
Proceeding, Vols XVIII. XX, and XXI. 8^ 180-99. 
„ National Academy of Sciences — 

Memoirs, Vol. VIII, 2nd and 3rd Memoirs. 4", 1899. 
Wbllimoton. — New Zealand Institute. — 

Transactions and Proceedings, Vol. XXXI. 8°, 1899. 
32nd Annual Report of the Colonial Laboratory, 8^ 1899. 
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yoRK. — Yorkshire Philosophical Society — 

Annual Report for 1898. 8°, 189Q. 
Zurich. — Naturforschende Gesellschaft — 

Neujahrsblatt, CI. 4®, 1899. 

Vierteljahrschrift, Band XLIII, Heft t— 4. 8**, 189S. 

MAPS. 

PoDAPRST. — Hungarian Geological Institute — 

Geologische Specialkarte der Lander der Ung Krone. Die Gegcnd 
von Nagybanya, Zone 15, Col. XXIX. 1^ : 75>ooo. Foh, 1898. 
„ Lagerstatten von Edelmelallen Erzen, Eisensteinen, etc., 

FoU 1898. 
Paris— Ministere Travaux Publics- 
Carte Geologtque detaillee de la France. Sheet Nos. 53, 98, 
135, 1549 i7o> 190, and 213* Foi., Paris, 1898-99. 
Perth.— Geological Survey, Western Australia — 

Geological Map of Coolgardie (2 copies). Fol., Perth, 1899. 
„ Topographical Map of Menzies, North Coolgardie Gold Field Fol., 

Perth. 
„ Geological Sketch Map of the country between Cue» Peak Hill, and 

Menz«es. Fol., Perth, 1898-99. 
Stock Hom.—Svcriges Gcologiska Undersokning— 

Ser Aa No. 1 14, Ac. Ba., Na 5. Fol., Stockholm, 1897-98. 
Vienna.— K. K. Geol Keichsanstalt— 

Gew>k)gische Karte der im Reichsrafthe vertretenen Kdnigp-eiche 
und Lander der Oesterreichisch-Ungarischen Monarchic, 
Zone VI, Col. 17, Zone VII, Col. 16. 
„ VIII, „ 15- i6, „ IX n 1<5. 
„ X, „ I4» M XX It II*I3« 
1 : 7500a Fol., 1898. 
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Appendix II. 

!rAe Inspector of Mines in India. 

The annual report, which the Inspector of Mines should submit for the 

M 1 Rs Grundy ^^^^^ y®**" '899» has not been sent in up to date, but 

the Office Records show that daring 1899, mines were ins- 
pected in Bengal, the Punjab and in Baluchistan. The total number of days 
on which inspections were actually made, was only 77, whereas 82 days were 
spent either on office ivork in camp, or gravelling to and from head-quarters. 

Calcutta: "J C. L. GRIESBACH, Director, 

The Sist March 1900, J Geological Survey of India. 
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Pari j«— Note on the progpress of the gold industry in Wynaad, Nilgiri district. Notes on thd 
representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna districtf* 
Senarmontite from Sarawak. 

Pmtt 4, — On the geographical distribution of fossil organisms in India. Submerged forest on 
Bombay Island. 

Vol. XII, 1879. 

Part I. — Annual reportjor 1878. Geology of Kashmir (third notice). Further notices of Siwalik 
mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang and Spiti. 
On a recent mud eruption in Ramri Island (Arakan). On Braunite, with Rhodonite, 
from near Nagpur* Central Provinces. Palaeontological notes from the Satpura coal-basin* 
Statistics of coal importations i'nto India. 

Pari J.*-On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur, 
Jabalpur district. A geological reconnoissance from the Indus at Kushalgarh to the Kurram 
at Thai on the Afghan frontier. Further notes on the geology of the Upper Punjab. 

Pari 3. — On the geological features of the northern part of Madura district, the Pudukotft 
State, and the southern parts of the Tanjore and Trichinopoly districts included within the 
limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from Trichino- 
poly district, collected in 1877-78. Notes on the genus Sphenophyllum and other Equisb- 
taceae, with reference to the Indian form Trizygia Speciosa, Royle (Sphenophyllum Trizy- 
gia, Ung.). On Mysorin and Atacamite from the Nellore district. On corundum from the 
Khasi Hills. On the Joga neighbourhood and old mines on the Nerbudda. 

Pari 4, — On the ' Attock Slates ' and their probable geological position. On a marginal bone of 
an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Punjab. Sketch 
of the geology of North Arcot district. On the continuation of the road section from Murree 
to Abbottabad. 

Vol. XIII, 1880. 

Pari /. — Annual report for 1879. Additional notes on the geology of the Upper Godavari basin 
in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts, being 
fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil fishes from 
Ramri Island and the Punjab. Note on the fossil genera N6ggerathia, Stbg., NOggerathiop* ' 
sis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Europe, Asia, 
and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and Sirgujah. On voU 
canic foci of eruption in the Konkan. 

Pari f.— Geological notes. Palaeontological notes on the lower trias of the Himalayas. On the 
artesian wells at Pondicherry, and the possibility of finding such sources of water-supply at 
Madras. 

Part 3. — The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab. Palae- 
ontological notes from the Karharbari and South Rewah coal-fields. Further notes on the 
correlation of the Gondwana flora with other floras. Additional note on the artesian wells at 
Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the Arakan coast 
on xath March, 1879 and in June 1843. 

Part 4.— On some pleistocene deposits of the Northern Punjab, and the evidence they afford 
of an extreme climate durin|r a portion of that period. Useful minerals of the Arvali regiout 
Further notes on the correlation of the Gondwana flora with that of the Australian coal- 
bearing system. Note on reh or alkali soils and saline well waters. The reh soils of Upper 
India. Note on the Naini Tal landslip, i8th September i88a 

Vol. XIV, 1881. 

Pari 1.— Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring 
districts, being fifth notice of the geology of Kashmirand neighbouring territories. Note on 
some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the South 
Rewah Gondwana basin. On the ferruginous beds associated with the basaltic rocks of 
north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants. Travelled 
blocks of the Punjab. Appendix to * Palaeontological notes on the lower trias of the Hima- 
layas.' On some mammalian fossils from Perim Island, in the collection of the Bombay Branch 
of the Royal Asiatic Society* 



P art J. — The Nahan-Siwalik anconformity in the North-westem Himalaya. On some Gondwana 
vertebrates. On the ossiferous beds of Hundea in Tibet. Notes on mining records, and th« 
mining record office of Great Britain ; and the Coal and Metalliferous Mines Acts of 1872 
(England). On cobaltite and danaite from the Khetri mines, Rajputana ; with some remarks 
on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite and Blende) with 
barytesi in the Karnul district, Madras. Notice of a mud eruption in the island of Cheduba. 

Pati j.^Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North-w^st 
Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the Haaaribagk 
and Lohardagga districts. Undescribed fossil carniyora from the Siwalik hills in the collec* 
tion of the British Museum. 

Part ^^Remarks on the unification of geological nomenclature and cartography. On the geo- 
logy of the Arvali region, central and eastern. On a specimen of native antimony ob- 
tained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggiapett, 
Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section 
from Dalhousie to Pangi vid the Sach Pass. On the South Rewah Gondwana basin. 
Submerged forest on Bombay Island. 

Vol. XV, 1882. 

Part /.---Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth 
notice of geology of Kashmir and neighbouring territories). On some Gondwana laby- 
rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North- 
west Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds 
in India. On Iridosmine from the Noa-Dibing riTer, Upper Assam, and on platinum 
from Chutia Naspur. On (i) a copper mine lately opened near Yongrihill, in the Dar- 
jiling district ; (2) arsenical pyrites m the same neighbourhood ; (3) kaolin at Darjiling 
(being 3rd appendix to a report on the geology and mineral resources of the Darjiling 
district and the Western Duars). Analyses of coal and fire-clay from the Makum coal- 
field, Upper Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with 
reference to the production of gas, made April 29th, 1881. Report on the prooe»dini(a 
and result of the international Geological Congress of Bologna, 

Part J.^General sketch of the geology of the Travancore State. The Warkilli beds and 
reported asaociated deposits at Quiion, in Travancore. Note on some Siwalik and Narbada 
fossils. On the coal-bearing rocks of the valleys of the Upper Rer and the Mand rivers in 
Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district. Central 
Provinces. On borings for coal at Engsein, British Burma. On sapphires recently 
discovered in the North-weat Himalaya. Notice of a recent eruption from one of the 
mud volcanoes in Cheduba. 

Part 3, — Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh on 
the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite from 
the Western Gh&ts, Bombay. On the traps of Darang and Mandi in the North-western 
Himalayas. Further note on the connexion between the Hazara and the Kashmir series. 
On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal-field, Garo 
Hills, Assam. On the outcrops of coal in the Myanonng division of the Henzada district. 

Part 4, — On a traverse across some gold-fields of Mysore. Record of borings for coal at Bed- 
dadanoli Godavari district, in 1874. Note on the supposed occurrence of coal on tht 
Kistna. 

Vol. XVI, 1883. 

Part /.^-Annual report for 1883. On the genus Richthofenia, Kays (AnomiaLawrencianai 
Koninck). On the geology of South Travancore. On the geology of Chamba. On the 
basalts of Bombay. 

Part J.— Synopsis of the fossil vertebrata of India. On the Bijori Lahyrinthodont. On a skull of 
Hippotherium antilopinum. On the iron ores, and subsidiary materisUs for the manufacture 
of iron, in the north-eastern part of the Jabalpur district. On laterite and other mangan* 
ete ore occurring at Gosulpore, Jabalpur district. Further notes on the Umaria coal-field. 

Part 3, — On the microscopic structure of some Dalhousie rocks. On the lavas of Aden. On the 
probable occurrence of Siwalik strata in China and Japan. On the occurrence of Mastodon 
angustidens in India. On a traverse between Almora and Mussooree made in October 1882. 
On the cretaceous coal-measures at Borsora, in the Khasia Hills, near Laoar, in Sylhet. 



Fmri ^.— Palacontologlcal notes from the Daltonganj and Hatar coal-fields in Chota Ka^paf. 
On the altered basalts of the Dalhousie region in the North-western Himalayas. On the 
microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology of 
Taunsar and the Lower Himalayas. On a traverse through the Eastern Khasia, Jaintia, and 
North Cachar Hills. On native lead from Maulmain and chromite from the Andaman 
Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island^ Arakaa. 
Notice. — Irrigation from wells in the North- Western Provinces and Oudh. 

Vol. XVII, 1884. 

Pari /. — Annual report for 1863. Considerations on the smooth-water anchorages or mud 
banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam and 
other caves in the Kumool district. On the geology of the Chuari and Sihunta parganai' 
of Chamba. On the occurrence of the genus Lyttonia, Waageui in the Ruling series of 
Kashmir. 

Part i, — Notes on the earthquake of 31st December 1881. On the microscopic structure of 
some Himalayan granites and gneissose granites. Report on the Choi coal exploration. On 
the re-discovery of certain localities for fossils in the Siwalikbeds. On some of the mineral 
resources of the Andaman Islands in the neighbourhood of Port Blair. The intertrappean 
beds in the Deccan and the Laramie group in western North America. 

Part j.—On the microscopic structure of some Arvali rocks. Section along the Indus from the 
Peshawar Vallev to the Salt-range. On the selection of sites for borings in the Raigarh- 
Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces. The Tm^ 
qaoise mines of NishApi^r, Khorassan. Notice of a further fiery eruption from the Minbyin 
mud volcano of Cheduba Island, Arakan. Report on the iJangrin coal-field, South-west 
Khasia Hills. Additional notes on the Umaria coal-field. 

Part 4. — On the Geology of part of the Gangasulan pargana of British Garhwal. On frag* 
ments of slates and schists imbedded in the gneissose granite and granite' of the North* 
west Himalayas. On the geology of the Takht-i -Suleiman. On the smooth-water anchor- 
ages of the Travancore coast. On auriferous sands of the Subansiri river, Pondicherry 
lignite, and Phosphatic rocks at Musuri. Work at the Billa Surgam caves. 

Vol. XVIII, 1885. 

Part I. — Annual report for 1884. On the country between the Singareni -coal-field and the 
Kistna river. Geological sketch of the country between the Singareni coal-field and Hy« 
derabad. On coal and limestone in the Doigrung river, near. Golaghat, Assam. Homo- 
taxis, as illustrated from Indian formations. Afghan field-notes* 

Part i» — A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of the 
Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelns 
Antiquus, nobis ex Fale. and Caut. MS.). On the Geology of Chamba. On the probabi- 
lity of obtaining water by means of artesian wells in the plains of Upper India. Further 
considerations upon artesian sources in the plains of Upper India* On the geology of the 
Aka Hills. On the alleged tendency of the Arakan mud volcanoes to burst into eruption 
most frequently during the rains. Analyses of phosphatic nodules and rock from Mui* 
sooree. 

Part j.-^On the Geology of the Andaman Islands. On a third species of Merycopotamus. 
Some observations on percolation as affected by current. Notice of the Pirthalla and 
Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British 
Burma. On some antimony deposits in the Maulmain district. On the Kashmir earth- 
quake of 30th May 1885. On the Bengal earthquake of 14th July 1885. 

Part ^.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal 
earthquake of ]uly 14th, 1885. On the Kashmir earthquake of 30th 'May 1885. On the 
results of Mr. H. B. Foote's further excavations in the Billa Surgam caves* On the 
mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite. 

Vol. XIX, 1886. 

Part /.--Annual report for 1885. On the International Geological Congress of Berlin. On 
some Palaeozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the Salt- 
range. On the correlation of the Indian and Australian coal-bearing, beds. Afghan and 
Persian Field notes. On the section from Simla to Wangtu, and on the petrological cha- 
racter of the Amphibolites and Quartx-Diorites of the Sutlej valley. 



Part J.— On the Geology of parts of Bellary and Anantapar districts. Geology of the' Upper 
Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive rocks 
from the Central Himalayas. Preliminary note on the Mammalia of theKarnul Caves. M«« 
morandum on the prospects of finding coal in Western Rajputana. Note on the Olive 
- Group of the Salt-range. On the discussion regarding the boiilder-beds of the Salt-range. 
On the Gondwana Homotaxis. 

Pmti 3.-^Geological sketch of the Visagapatam district, Madras. Preliminary note on the 
geology of Northern Jesalmer. On the microscopic strnctnre of some spedmens of the 
Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat die* 
trict, C. P. 

Pari 4, — On the occurrence of petroleum in India. On the petroleum exploration at Khitan. 
Boring exploration in the Chhattisgrarh coal-fields. Field-notes from Afghanistan ; No. 3, 
Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island, 
Arakan. Notice of the Nammianthal Aerolite. Analysis of gold dust from the Meca val- 
ley, Upper Burma. 

Vol. XX, 1887. 

Pari /.—Annual report for 1886. Field-notes from Afghanistan s No. 4, from Turkistan to 
India. Physical geology of West British Garhwal ; with notes on a route traverse through 
Taunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some Indian 
image-stones. On soundings recently taken off Barren Island and Narcondam. On a 
character of the Talchtr boulder-beds. Analysis of Phosphatic Nodules from the Salt* 
range> Punjab. 

Pari 2. — The fossil vertebrata of India. On the Echinoidea of. the cretaceous series of the 
Lower Narbada Valley, with remarks upon their geological age. Field-notes : No* 5— to 
accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On 
the microscopic structure of some specimens of the Rajmahal and Deccan traps. On the 
Dolerite of the Chor. On the identity of the Olive series 10 the east with the speckled 
sandstone in the west of the Salt-range in the Punjab. 

Pari 3,— The retirement of Mr. MedKcott Notice of }. B. Mnshketoff's Geology of Russian 
Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and 
Kumaun, Section I. Preliminary sketch o£ the geology of Simla and Jutogh. Note on the 
' Lalitpur' meteorite. 

Pari 4, — Note on some points in Himalayan geology. Crystalline and metamorphic rocks of 
the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the western 
portion of the district of Raipur. Notes on Upper Burma. Boring exploration in the 
Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Metamorphiam, 
with reference to the foliation of the Himalayan Gneissose-Granite. A list and index 
of papers on Himalayan Geology and Microscopic Petrology, publbhed in the preceding 
volumes of the Records of the Geological Purvey of India. 

Vol. XXI, 1888. 

pQfi /.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya 
Garhwal, and Kumaun, Section III. The Birds'-nest or Elephant Island, Mergui Archipe* 
lago. Memorandum on the results of an exploration of Jessalmer, with a view to the 
discovery of coal. A facetted pebble from the boulder bed ('speckled sandstone') of 
Mount Chel in the Salt-range In the Punjab. Examination of nodular stones obtained 
by trawling off Colombo. 

Pari j.-^Award of the Wollaston Gold Medal, CSeoIogical Society of London, 1888. The Dhar- 
war System, the chief auriferous rock series in South India. On the Igneous rocks of the 
districts of Raipur and Balaghat, Central Provinces, On the Sangar Marg and Mehowgale 
coal-fields, Kashmur. 

P&ri 3, — The Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous Glacial 
Period.* The sequence and correlation of the pre-tertiary sedimentary formations of the 
Simla region of the Lower Himalayas. 

Pari 4* — On Indian fossil vertebrates. On the geology of the North-west Himalaju. On 
blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar* On tomi mica^ 
traps from Barakar and Ranlganj. 



Vol. XXII, 1889. 

Pari f.— Annual report for 1888. The Dharwar System, the chief auriferous rock-aeries in 
South India. (Second notice.) On the Wajra Kamr diamonds, and on M. Chaper's 
alleged discovery of diamonds in pegmatite near that place. On the generic position of 
the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special 
reference to its nature and mode of occurrence in India, and the cause of its flexibility. 
On Siwalik and Narbada Chelonia. 

Part a.-r-Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. ' The Car- 
boniferous Glacial Period.' Notes on Dr. W. Waagen's * Carboniferous Glacial Period.' 
On the oil-fields of Twingoung and Beme, Burtna. The gypsum of the Nehal Nadi, 
Kumaun. On some of the materials for pottery obtainable in the neighbourhood of Jabai* 
pur and of Umaria. 

Pari J.— Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the 
discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo- 
gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous 
Matt from NepAl. The President of the GeologicLl Society of London on the Interna* 
tional Geological Congress of 1888. Tin-mining in Mergui district. 

Pari ^.— On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the 
Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganifeious 
Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rijmahil 
hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the locaJ 
distribution of important minerals, miscellaneous minerals, gemstones, and quarry stones 
in the Indian Empire. Part I. 

Vol. XXIII, 1890. 

Pari /.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the Pecto* 
ral and pelvic girdles and skull of the Indian Dicynoclonts. On certain vertebrate 
remains from the Nagpur district (with description of a fish-skull). Crystalline and 
metamorphic rocks of the Lower Himalayas, Garhwil and Kumaun, Section IV. On the 
bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast. 

Pari 2J^0p the most favourable sites for Petroleum explorations in the Harnai district, Balach* 
istan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at 
Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper 
Burma). A description of jBome new species of Syrihgosphaeridae, with remarks upon 
their structures, &c. 

I^ari 3. — On the Geology and Economic Resources of the Country adjoining the Sind-Pishin 
Railway between Sharigh and Spintangi, and of the country between it and Khattan 
(with a map). Report of a Journey through India in the winter of 1888*89, ^y Dr. 
Johannes Waltber, translated from the German, by R. Bruce Foote. On the Coal-fields 
Of Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). 
Further Note on Indian Steatite* Provisional Index of the Local Distribution of Important 
Minerals, Miscellaneous Minerals, Qem $tones, and Quarry Stones in the Indian Empire 
(continued from p. 286, Vol. XXII). 

Pari 4m — Geological sketch of Naini Tal ; with some remarks on the natural conditions govern- 
ing mountain slopes (with a map and plate). Notes on some Fossil Indian BirdBones. 
The Daniling Coal between the Lisu and the Ramthi rivers, explored during season 
1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The Deep 
Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine, Haxara 
(with two plates). 

Vol. XXIV, 1891. 

Pari I.— Annual report for 1890. On the Geology of the SaJt-range of the Punjab, with a 
re-considered theory of the Origin and Age of the Salt Marl (with five plates). On Veins 
of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a 
trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Raj- 
putana, and of the Saline efflorescence called ' Reh ' from Aligarh in the North- Western 
Provinces. Analysis of Dolomite from the Salt-range, Punjab. 

Pari a.— Preliminary Report on the Oil locality near Moghal Kot, in the Sherini country, 
Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of the 
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Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note «d the 
reported Nams^fca Ruby-mine in the Maingl6n State. Note on the Tourmaline (Schorle) 
Mines in the Maingl6n State. Note on a Salt-spring near Bawgjo, Thibaw State. 

Pari S*'- Boring Exploration iff ikf Daltongunj Coal*field, Palamow (with a map). D^aih 9/ 
Dr. p. Martin Duncan. Contributions to the study ofthf Pyroxenic varieties ^Gnein 
and ofiht Scapolite-bearing Rocks. 

Pmrt 4, — On a Collection of Mammalian Bones from Mongolia. Further note on tb« 
Darjiling Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim 
(with a map). Chemical and Physical notes on Rocks from the Salt-range, Punjab 
(with two plates). 

Vol. XXV, 189a. 

Fart f.— Annual report for 1891. Report o» Me Geology of Thai Chotiili and pari of tlu 
Mari country (with a map and 5 plates). Petrological Notes on tht Boulder-bed of th» 
Salt-range, Punjab, Subrecent and Recent Deposits of the valley plaint of Qnetta, 
Pishin and the Dasht-i-Bedaolat ; with appendices on the Chamans • of Quetta ; and the 
ArtMian water-supply of Quetta and Pishin (with one plate). 

Fart 2.— Geology of the Saf^d K6h (with 2 plates of sections). Report on a Survey e^ tl.€ 
Jherria Coal fieid (with a map and 3 section plates) {out of print,) 

Part s.'^Noteon the Locality of Indian Tscheffkinite. Geological Sketch of the country north 
of Bhamo. Preliminary Report on the economic resources of the Amber and Jade mines 
area in Upper Burma. Preliminary Report on the Iron-Ores and Iron-Industries of the 
Salem District. On the Occurrence of Riebeckite in India. Coal on the Great Tenasserim 
Rivei^, Mergui District . Lower Burma. 

Part 4*— Report on the Oil Springs at Moghal Kot in the Shirani Hills (with 2 plates) 
Second Note on Mmeral Oil ^rom the Suleiman Hills. On a New Fossil, Amber-like 
Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the Salt-range 

Vot. XXVI, 1893. 

Part /.—Annual report for 1892. Notes on the Central Himalayas (with map and plate). 
Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence of 
Bnrmite, a new Fossil Re9in from Upper Burma. Report on the Prospecting Operations, 
Mergui District, 1891-92. 

Part ^.—Notes on the earthquake «ff Baluchistan on the floth December 1892 (with 2 plates). 
Further Note on Burmite, a new amber*like fossil resin from Upper Qurma. Note on 
the Alluvial deposits and Subterranean water-supply 0/ Rangoon (with a map). 

Part 3.— On the Geology of the Sherani Hills (with maps and plates). On Carboniferous 
Fossils from Tenasserim (with I plate). On a deep Boring at Chandemagore. Note on 
Granite in the districts of Tavoy and Mergui (with a plate). 

Part 4,'^On the Geology of the country between the Chappar Rift and Harnai in BaluchistAn 
(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley 
with special reference to the Tendau-Kamapying Coal-field (with two maps). On a 
Magnetite from the Madras Presidency containing Manganese and Alumina. On His- 
lopite (Haughton) (with a plate). 

Vot. XXVII, 1894. 

Pmrt f .--Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-range, Punjab 
(with map and 2 plates). 

Part 2.— Note on the Chemical qualities of petroleum from Burma. Note on the Singareoi 
Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on iko 
Gohna Landslip, Garhwal (with 5 plates and 2 maps). 

rar^ 3.— ^N M« Cambrian Formation 0^ M# Eastern Salt-range (with a plate). TheGiridih 
(Karharbari) Coal-field, with notes on the labour and methods of working (with a maps 
and 8 plates of sections). On the Occurrence of Chipped (P) Flints in the Upper Miocene 
of Burma (with a plate). Note on the Occurrence of Velates Schmideliana, Cheron ., 
and Provelates granais. Sow. sp,^ in the Tertiary Formation of India and Burma (with 
2 plates). 



fuft ^.— iSTi)/* vn the Geology of Wuntho in Upper Burma (with a map). Preliminary 
notice 0ff Mtf Gchinoids/roM /Atf Upper Cretaceous System of Baluchistan. On Highly 
Phosphatic Mica-Peridotites intrusive in M^ Lower Gondwana Rocks </ Bengal. On a 
Mica-Hypersthene-Hornblende«Peridotite in Bengal. 

Vol. XXVIII, 1895. 

Pmrt /.^Annual report for 1894. Cretaceous Formation 0/ Pondieherry, Some early allu- 
sions to Barren Island ; with a fevt remarks thereon. Bibliography of Barren Island and 
Narcondaro, /r<)m 1884 to 1894; «i7A some remarks^ 

Pari 2. — On the importance of Cretaceous Rocks of Southern India in estimating the ge(H 
graphical conditions during later cretaceous times. Report on the Experimental Boring 
for Petroleum at Sukkur,from October 1893 lo March i8ps. The development and Sub* 
division of the Tertiary system in Burma. 

Part 3.— On the }adeite i^nd other rocks, from Tammaw in Upper Burma. On the Geology of 
the Tochi Valley. On the existence 0/ Lower Gondwanas in Argentina. 

Part 4, — On the Igneous Rocks of the Giridih (Xurhurbar e) Coal-field and their Contect 
Effects. On some ontliers of the Vindhyan system south of the Sone and their relation 
to the so*calied Lower Vindhyans. Notes on a portion of the Lower Vindhyan area of the 
Sone Valley. Note on Dr. Fritz Nobtling*s paper on the Tertiary system in Burma, in 
the Records of the Geological Survey of India for i8g5, Part 2. 

Vol. XXIX, 1896. 

Part t. — A nil nal report for 1895. On the Acicular inclusions in Indian Garnets. On the 
Origin and Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenie 
rvcks (with I plate). 

Part 2. — Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hill^ 
and other localities near Salem, Madras (with 2 — 6 plates). Preliminary notes on some 
Corundum localities fn /Atf Salem and Coimbatore districts, Madras (with 7^9 plates). 
On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On 
the papers 6y Dr. Kossmat and Dr. Kurt2; and on the ancient Geography t^ 
** Gondwana'land" Note from the Geological Survey of India. 

Part 3- — On some Igneous Rocks /f0m the Tochi Valley. Notes from the Geological Survey 
of India, 

Part 4, — Report en the Steatite mines, Minbii District, Burma. Further notes on the Lower 
Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewab. Notes from the Geological Sur* 
vey of India, 

Vol. XXX, 1897. 

Parti. — Annual Report for 1896. On some Norite afi«{ associated Basic Dykes and Lava- 
flows fis Southern India (with plates I to II). The reference of the genus Vertebraria. 
On a Plant of Glossopteris with part of the rhisome attached, and on the structure 
of Vertebraria (with plates III to V). 

Part 2, — The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the 
Geological Survey of India. 

Part 3, — Note on Flow-structure in an Igneous dyke (with plate XI). Additional note on the 
Olivine-norite dykes at Coonoor (with plate All). Report on some trial es^cavations for 
corundum near Palakod, Salem District (with plate XIII). Report on the occurrence of 
coal at Palana village in Bikanir State (with plate XIV). An account of the geological 
specimens collected by the Afghan-Baluch Boundary Commission of. i8§6 (with 
plate XV). Note from the Geological Survey of India (with plates XVI and XVII). 

Part 4.— On Nemalite from Afghanistan. On a quarts-barytes rock occurring in the Salem 
District, Madras Presidency (with plate XVIU). Note on a worn femur of Hippopo- 
tamus irravadictts, Caut. and Falc. from the Lower Pliocena of Burma (with plates XIX 
and XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on Micas. 
Notes from the Geological Survey of India. 



The price fixed for these publications is x rupee (2s.) each part, or ^ rupees (4s.) each 
volume. 

Note.— ZA^ Hecords ceased to he published from the iit January 1898. 



MISCELLANEOUS PUBLICATIONS. 

A Manual of the Geoiogj of India. 4 Vols. With map. 1 879-1 887 — 

Vol. I. Peninsular Area. > By H. B. Medlicott and W. T. Blanford. Price S 

Vol. 3. Extra-Peninsular Area, j rupees (out 0/ print). 

Vol. 3. Enonomic Geology. By V. Ball. Price 5 rupees {out of print). 

Vol. 4. Mineralogy. By F. R. Mallet. Price 2 rupees. 

A Manual of the Geology of India, 2nd edition. By R. D. Oldham. (1893.) Price 8 rupees. 

A Manual o( the Geology of India, Economic Geology, by the late Prof. V. Pall, 2nd edition 
revised in parts. 
Part I.—Corundum. By T. H. Holland (1898). Price I rupee. 

Popular guides to the g^ologtcal collections in the Indian Museum, Calcutta— 

N.o. 1. Tertiary veriebrate animals. By R. Lydekker. (1879.) Price 2 annas {out of print). 

No. 2. Minerals. By F. R. Mallet. (1879.) Price 2 annas {put of print). 

No. 3. Meteorites. By F. Fedden. (1880.) Price 2 annas {nut of frint). 

No. 4. Palzontological collections. By O. Feistmantel. (i8iBi.) Price 2 annas. 

No. 5. Economic mineral products. By F. R. Mallet. (1883.) Price 2 annas. 

Descriptive catalogue of the collection of Minerals in the Geological Museum, Calcutta. By 
F. R. Mallet. (1883.) Price 2 rupees. 

An Introduction to the Chemical and Physical study of Indian Minerals. By T. H. Holland 
(1895). Price 8 annas. 

Catalogue of the remains of Siwalik Vertebrata contained in the Geological Department of the 
Indian Museum. By R. Lydekker, Pt. I. Mammalia. (1885.) Price i rupee. Pt. IL 
Aves, Reptilia, and Pisces. (1886.) Price 4 annas. 

Catalogue of the remains of Pleistocene and Pre- Historic Vertebrata contained in the Geolo- 
gical Department of the Indian Museum. By R. Lydekker. (1886.) Price 4 annas. 

Bibliography of Indian Geology. By R. D. Oldham. (1888.) Price i rupee 8 annas. 

Report on the Geological structure and stability of the hill slopes around Naini Tal. By 
T.H.Holland. (1897.) Price 3 rupees. 

. Mt^port on the inspection of Mines in India^ for the year ending 30th June 1894. ^7 James 
Grundy. (1894.) Price I rupee. 

I^eport on the inspection of Mines in India for the year ending 30th June 1895. By James 
Grundy. (1896.) Price 2 rupees. 

Report on the inspection of Mines in India for the year ending 30th June 1896. By James 
Grundy. (1897.) Price i rupee. 

Report on the inspection of Mines in India for the year ending 31st December 1896. I'y 
James Grundy (1897) Price i rupee. 

Repoit on the Inspection of Mines in India for the year ending 31st December 1897. By 
James Grundy* (189S.) Price I rupee 8 annas. 

Report on the inspection of Mines in India for the year ending 3xst December 1898. By 
James Grundy. (1899). Price I2 annas. 

Geological man of India, 1803. Scale i''—q6 miles. Price i rupee. 



To be had on application to the Registrar, Geological Survey of ludia, Caxatla 

London 1 Kegan Paul, Trench, Triibner Bl Co. 
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